Analysis of brain activity during the sleep-wake cycles of rodents and humans with symbolic dynamic analysis of the electroencephalogram. by Tosun, Pinar Deniz
	  
	  
	  
	  
	  
ANALYSIS	  OF	  BRAIN	  ACTIVITY	  DURING	  THE	  SLEEP-­‐WAKE	  CYCLES	  OF	  
RODENTS	  AND	  HUMANS	  WITH	  SYMBOLIC	  DYNAMIC	  ANALYSIS	  OF	  THE	  
ELECTROENCEPHALOGRAM	  
	  
By	  
	  
Pinar	  Deniz	  Tosun	  
	  
Centre	  for	  Biomedical	  Engineering	  
Department	  of	  Mechanical	  Engineering	  Sciences	  	  
Faculty	  of	  Engineering	  and	  Physical	  Sciences	  
University	  of	  Surrey	  
	  
	  
Presented	  as	  part	  of	  the	  requirements	  for	  the	  Degree	  of	  Doctor	  of	  Philosophy	  (PhD)	  
2018	  
	  
Supervisors:	  Dr.	  Daniel	  Abasolo	  and	  Dr.	  Raphaelle	  Winsky-­‐Sommerer	  
i	  
Pinar	  Deniz	  Tosun,	  2018	  
Abstract	  
Sleep	  is	  an	  essential	  physiological	  phenomenon	  which	  is	  regulated	  by	  fundamental	  sleep-­‐wake	  
cycles.	  Sleep	  is	  formed	  of	  non-­‐rapid-­‐eye-­‐movement	  (NREM)	  and	  REM	  stages	  where	  NREM	  and	  
REM	  sleep	   stages	  alternate	  with	  wakefulness	   in	  a	  whole	  night	   sleep	   (i.e.,	   typically	   consists	  of	  
several	   sleep-­‐wake	   cycles).	   During	   sleep,	   brain	   is	   active	   and	   the	   activity	   also	   alters	   with	  
changing	   vigilance	   states	   (VS).	   Furthermore,	   physiological	   or	   external	   changes	   in	   the	   brain	  
structure	   might	   influence	   brain	   activity	   during	   sleep.	   Effects	   of	   ageing,	   sex	   differences,	   and	  
pharmacological	  manipulations	  have	  been	  widely	   investigated	   in	   sleep	   research	  using	  Fourier	  
Transform.	   However,	   the	   use	   of	   non-­‐linear	   analysis	   techniques	   might	   be	   more	   suitable	   in	  
analysing	  non-­‐linear	  and	  non-­‐stationary	  signals	  (e.g.,	  electroencephalogram	  (EEG)).	  Therefore,	  
non-­‐linear	   analysis	   has	   been	   used	   within	   this	   PhD	   with	   the	   hypothesis	   that	   these	   methods	  
might	  reveal	  hidden	  characteristics	  in	  the	  changing	  brain	  signals	  that	  are	  difficult	  to	  detect	  with	  
traditional	  EEG	  power	  spectral	  density	  analysis.	  The	  use	  of	  non-­‐linear	  analysis	  techniques	  (e.g.,	  
symbolic	  dynamic	  analysis	   (SDA))	  will	   allow	   to	   further	  dissect	   the	  physiological	   significance	  of	  
activity-­‐dependent	   changes	   of	   neuronal	   networks	   across	   sleep-­‐wake	   cycles,	   as	   well	   as	   the	  
significance	  of	  brain	  activity	  patterns	  during	  waking,	   sleep,	   sleep	  deprivation	   (SD),	  or	   induced	  
by	  sleep-­‐promoting	  drugs	  and	  pharmacological	  treatments.	  	  
In	   this	   PhD,	   rodent	   and	   human	   sleep	   EEG	   recordings	   were	   analysed	   using	   SDA	   methods:	  
Lempel-­‐Ziv	  complexity	  (LZC),	  Permutation	  Entropy	  (PE)	  and	  Permutation	  Lempel-­‐Ziv	  complexity	  
(PLZC).	  All	   the	  methods	  were	  able	   characterise	  different	  VS	  with	  wakefulness	   and	  REM	  sleep	  
resulting	  in	  higher	  measures	  of	  complexity	  compared	  to	  NREM	  sleep	  suggesting	  an	  active	  state	  
of	  the	  brain	   in	  these	  VS.	  This	  was	  measured	  in	  all	  datasets	  which	  assists	  the	  usability	  of	  these	  
techniques	  in	  sleep	  research	  by	  providing	  at	  least	  the	  minimum	  requirement	  for	  sleep	  analysis	  
(i.e.,	   characterisation	   of	   VS).	   In	   addition	   to	   this,	   SD	   significantly	   reduced	   complexity	   in	   the	  
following	  sleep	  period	  which	  supports	  the	  compensation	  process	  for	  the	  lost	  sleep	  by	  increased	  
slow	  wave	  activity	  which	  was	  reflected	  as	  reduced	  complexity	  in	  this	  study.	  Furthermore,	  a	  low	  
dose	  tiagabine	  administration’s	  sleep	  compensation	  promoting	  effect	  was	  found	  in	  mice.	  
Moreover,	  ageing	  was	   identified	  as	  a	  main	  effect	  on	  changes	   in	  brain	  activity.	  These	  changes	  
were	  more	  pronounced	   in	   the	  old	  age	  where	  complexity	  was	  significantly	   lower	  compared	  to	  
young	   age.	   On	   the	   one	   hand,	   this	   was	   found	   with	   all	   three	   methods	   contributing	   to	   the	  
hypothesis	   that	   these	   techniques	   reveal	   structural	   dynamic	   changes	   due	   to	   physiological	  
alterations.	   On	   the	   other	   hand,	   no	   significant	   differences	   in	   complexity	   across	   genders	  were	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found	   suggesting	   the	   underlying	  mechanisms	   that	  maintain	   sleep-­‐wake	   cycles	   are	   similar	   for	  
men	   and	   women.	   This	   finding	   with	   further	   investigation	   might	   corroborate	   to	   question	   the	  
need	  to	  use	  both	  genders	  in	  drug	  trials.	  Furthermore,	  significant	  changes	  in	  brain	  activity	  were	  
found	   at	   different	   times	   of	   the	   sleep	   period	   highlighting	   the	   changes	   occurring	  within	   VS	   as	  
sleep	  progresses.	  This	  also	  has	  an	  impact	  on	  the	  way	  sleep	  stages	  are	  scored	  and	  investigated	  
which	   are	   influenced	   by	   different	   brain	   activity	   levels	   within	   each	   VS	   throughout	   the	   entire	  
sleep.	  	  	  
All	   in	   all,	   this	   study	   achieved	   to	   support	   its	   hypothesis	   of	   determining	   the	   changes	   in	   brain	  
activity	   as	   a	   complexity	   measure	   by	   characterising	   sleep	   under	   physiological	   and	  
pharmacologically	   induced	   EEG	   datasets	   in	   mice	   and	   in	   humans.	   The	   study	   was	   a	   novel	  
application	  to	  analyse	  sleep	   in	  these	  conditions.	  However,	  with	  further	  analysis	  performed	  on	  
larger	   datasets,	   its	   findings	   together	   with	   surrogate	   data	   analysis	   proved	   SDA	   techniques’	  
robust	  usability	  which	  can	  complement	  the	  gold	  standard	  FT	  analysis	  in	  sleep	  research	  and	  may	  
provide	  a	  more	  sustainable	  research	  approach.	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  Liang	  and	  Li,	  2015))	  ..............................	  45	  
Figure	  3.4.	  Phase	  randomised	  surrogate	  data	  in	  an	  NREM	  episode.	  Left	  panel:	  real	  time	  series	  
(RTS)	  and	  surrogate	  time	  series	  (STS)	  are	  plotted	  in	  blue	  and	  in	  red	  respectively.	  Right	  
viii	  
Pinar	  Deniz	  Tosun,	  2018	  
panels:	  Power	  Spectral	  Density	  against	  frequency	  were	  given	  for	  RTS	  at	  the	  top	  and	  STS	  at	  
the	  bottom	  graph.	  .................................................................................................................	  46	  
Figure	  4.1.	  LZC	  (Td	  =	  median)	  values	  at	  the	  course	  of	  electroencephalogram	  (EEG)	  recordings	  in	  
all	  periods.	  (A)	  LZC	  values	  obtained	  from	  real	  (RTS)	  and	  surrogate	  time	  series	  (STS)	  are	  
plotted	  in	  wakefulness	  ( ),	  NREM	  ( )	  and	  REM	  sleep	  ( ).	  Recordings	  start	  at	  light	  
onset	  (i.e.,	  Baseline	  Light	  period)	  and	  continued	  with	  baseline	  recordings	  at	  dark	  (i.e.,	  
Baseline	  Dark).	  Baseline	  recordings	  were	  followed	  by	  the	  recordings	  of	  recovery	  sleep	  at	  
light	  (Recovery	  Light)	  and	  dark	  (Recovery	  Dark).	  (B,	  C)	  LZC	  values	  (Mean	  ±	  SEM;	  red	  in	  RTS,	  
black	  in	  STS)	  periods	  in	  each	  vigilance	  state	  during	  BL	  and	  RL	  respectively	  (Adapted	  from	  
(Tosun	  et	  al.,	  2017)).	  .............................................................................................................	  53	  
Figure	  4.2.	  PE	  (m	  =	  6,	  t	  =	  1)	  values	  at	  the	  course	  of	  electroencephalogram	  (EEG)	  recordings	  in	  
all	  periods.	  (A)	  PE	  values	  obtained	  from	  real	  (RTS)	  and	  surrogate	  time	  series	  (STS)	  are	  
plotted	  in	  wakefulness	  ( ),	  NREM	  ( )	  and	  REM	  sleep	  ( ).	  Recordings	  start	  at	  light	  
onset	  (i.e.,	  Baseline	  Light	  period)	  and	  continued	  with	  baseline	  recordings	  at	  dark	  (i.e.,	  
Baseline	  Dark).	  Baseline	  recordings	  were	  followed	  by	  recordings	  of	  recovery	  sleep	  at	  light	  
(Recovery	  Light)	  and	  dark	  (Recovery	  Dark).	  (B,	  C)	  PE	  values	  (Mean	  ±	  SEM;	  red	  in	  RTS,	  black	  
in	  STS)	  periods	  in	  each	  vigilance	  state	  during	  BL	  and	  RL	  respectively.	  ................................	  54	  
Figure	  4.3.	  PLZC	  (m	  =	  6,	  t	  =	  1)	  values	  at	  the	  course	  of	  electroencephalogram	  (EEG)	  recordings	  in	  
all	  periods.	  (A)	  PLZC	  values	  obtained	  from	  real	  (RTS)	  and	  surrogate	  time	  series	  (STS)	  are	  
plotted	  in	  wakefulness	  ( ),	  NREM	  ( )	  and	  REM	  sleep	  ( ).	  Recordings	  start	  at	  light	  
onset	  (i.e.,	  Baseline	  Light	  period)	  and	  continued	  with	  baseline	  recordings	  at	  dark	  (i.e.,	  
Baseline	  Dark).	  Baseline	  recordings	  were	  followed	  by	  recordings	  of	  recovery	  sleep	  at	  light	  
(Recovery	  Light)	  and	  dark	  (Recovery	  Dark).	  (B,	  C)	  PLZC	  values	  (Mean	  ±	  SEM;	  red	  in	  RTS,	  
black	  in	  STS)	  periods	  in	  each	  vigilance	  state	  during	  BL	  and	  RL	  respectively	  (Adapted	  from	  
Tosu	  et	  al.,	  2017).	  ..................................................................................................................	  55	  
Figure	  4.4.	  LZC	  (Td	  =	  median)	  values	  in	  the	  course	  of	  EEG/EMG	  recordings	  in	  periods	  Baseline	  
Light	  ( 	  left	  panel	  graphs,	   	  right	  panels)	  BL;	  Baseline	  Dark	  ( ,	   	  )	  BD;	  Recovery	  
Light	  ( ,	   )	  RL;	  Recovery	  Dark	  ( ,	   	  )	  RD.	  A,	  B,	  C:	  Changes	  at	  complexity	  in	  
wakefulness,	  NREM	  and	  REM	  sleep	  respectively	  were	  plotted	  over	  the	  bout	  of	  periods.	  D,	  
E,	  F:	  Significantly	  different	  LZC	  values	  found	  in	  the	  first	  five	  time	  intervals.	  .......................	  60	  
Figure	  4.5.	  PE	  (m	  =	  6,	  τ	  =	  1)	  values	  in	  the	  course	  of	  EEG/EMG	  recordings	  in	  periods	  Baseline	  
Light	  ( 	  left	  panel	  graphs,	   	  right	  panels)	  BL;	  Baseline	  Dark	  ( ,	   	  )	  BD;	  Recovery	  
Light	  ( ,	   )	  RL;	  Recovery	  Dark	  ( ,	   	  )	  RD.	  A,	  B,	  C:	  Changes	  at	  complexity	  in	  
wakefulness,	  NREM	  and	  REM	  sleep	  respectively	  were	  plotted	  over	  the	  bout	  of	  periods.	  D,	  
E,	  F:	  Significantly	  different	  PE	  values	  were	  found	  in	  the	  first	  four	  the	  time	  intervals.	  ........	  61	  
Figure	  4.6.	  PLZC	  (m	  =	  6,	  τ	  =	  1)	  values	  in	  the	  course	  of	  EEG/EMG	  recordings	  in	  periods	  Baseline	  
Light	  ( 	  left	  panel	  graphs,	   	  right	  panels)	  BL;	  Baseline	  Dark	  ( ,	   	  )	  BD;	  Recovery	  
Light	  ( ,	   )	  RL;	  Recovery	  Dark	  ( ,	   	  )	  RD.	  A,	  B,	  C:	  Changes	  at	  complexity	  in	  
wakefulness,	  NREM	  and	  REM	  sleep	  respectively	  were	  plotted	  over	  the	  bout	  of	  periods.	  D,	  
E,	  F:	  Significantly	  different	  PLZC	  values	  were	  found	  in	  the	  first	  four	  time	  intervals	  (Tosun	  et	  
al.,	  2017).	  ...............................................................................................................................	  62	  
Figure	  4.7.	  LZC	  (Td	  =	  median)	  results	  (Mean	  ±	  SEM)	  in	  wakefulness	  (A),	  NREM	  sleep	  (B)	  and	  REM	  
sleep	  (C).	  Time	  Intervals	  1-­‐3,	  marked	  with	  ‘*’	  (RM-­‐ANOVA,	  Factors:	  ‘Time’,	  ‘Treatment’;	  p	  =	  
0.004,	  p	  =	  0.034	  and	  p	  =	  0.026)	  were	  significantly	  higher	  in	  low	  dose	  Tiagabine	  (1mg/kg))	  
administration	  compared	  to	  placebo.	  ..................................................................................	  65	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Figure	  4.8.	  PE	  (m	  =	  6,	  τ	  =	  1)	  results	  (Mean	  ±	  SEM)	  in	  wakefulness	  (A),	  NREM	  sleep	  (B)	  and	  REM	  
sleep	  (C).	  Time	  Intervals	  1-­‐4,	  marked	  with	  ‘*’	  (RM-­‐ANOVA,	  Factors:	  ‘Time’,	  ‘Treatment’;	  p	  =	  
0.004,	  p	  =	  0.002,	  p	  =	  0.003	  and	  p	  =	  0.024)	  were	  significantly	  higher	  in	  low	  dose	  Tiagabine	  
(1mg/kg))	  administration	  compared	  to	  placebo.	  .................................................................	  67	  
Figure	  4.9.	  PLZC	  (m	  =	  6,	  τ	  =	  1)	  results	  (Mean	  ±	  SEM)	  in	  wakefulness	  (A),	  NREM	  sleep	  (B)	  and	  
REM	  sleep	  (C).	  Time	  Intervals	  1-­‐4,	  marked	  with	  ‘*’	  (RM-­‐ANOVA,	  Factors:	  ‘Time’,	  
‘Treatment’;	  p	  =	  0.010,	  p	  =	  0.004,	  p	  =	  0.003	  and	  p	  =	  0.046)	  were	  significantly	  higher	  in	  low	  
dose	  Tiagabine	  (1mg/kg))	  administration	  compared	  to	  placebo.	  ........................................	  69	  
Figure	  4.10.	  Averaged	  LZC	  (Td	  =	  median)	  values	  in	  different	  VS.	  Young	  (20-­‐39),	  middle	  (40-­‐60)	  
and	  old	  (65+)	  age	  groups	  were	  plotted	  for	  females	  (F)	  and	  males	  (M)	  in	  the	  (A):	  1st,	  (B):	  2nd	  
and	  (C):	  3rd	  thirds	  of	  sleep.	  ....................................................................................................	  73	  
Figure	  4.11.	  Averaged	  LZC	  (Td	  =	  median)	  values	  in	  sleep	  periods.	  Young	  (20-­‐39),	  middle	  (40-­‐60)	  
and	  old	  (65+)	  age	  groups	  were	  plotted	  for	  females	  (F)	  and	  males	  (M)	  in	  different	  vigilance	  
states	  (A):	  wakefulness,	  (B):	  NREM	  stage	  1	  (N1),	  (C):	  NREM	  stage	  2	  (N2),	  (D):	  NREM	  stage	  3	  
(N3),	  (E):	  REM	  sleep	  ...............................................................................................................	  74	  
Figure	  4.12.	  Averaged	  PE	  (m	  =	  6,	  t	  =	  1)	  and	  averaged	  PLZC	  (m	  =	  6,	  t	  =	  1)	  values	  in	  different	  VS	  
grouped	  in	  young	  (20-­‐39),	  middle	  (40-­‐60)	  and	  old	  (65+)	  ages	  groups	  in	  females	  (F)	  and	  
males	  (M).	  On	  the	  left	  panel:	  PE	  values	  were	  plotted	  in	  A-­‐C	  representing	  thirds	  (1st,	  2nd	  and	  
3rd	  )	  of	  8-­‐hr	  recording	  respectively.	  On	  the	  right	  panel:	  PLZC	  values	  of	  same	  periods	  were	  
plotted.	  PE	  and	  PLZC	  revealed	  differences	  at	  the	  complexity	  in	  different	  VS.	  No	  effect	  of	  
sex	  differences	  found	  (RM-­‐ANOVA,	  Factors:	  ‘Time’	  x	  ‘VS’	  x	  ‘Sex’,	  p	  =	  0.414	  in	  PE	  and	  p	  =	  
0.559	  in	  PLZC).	  .......................................................................................................................	  75	  
Figure	  4.13.	  Averaged	  LZC	  (Td	  =	  median)	  values	  of	  placebo	  (T1),	  melatonin	  (T2),	  zolpidem	  (T3)	  
and	  temazepam	  (T4)	  in	  different	  vigilance	  states.	  On	  the	  left	  panel	  (A-­‐C):	  LZC	  values	  at	  the	  
1st,	  2nd	  and	  3rd	  thirds	  of	  the	  whole	  sleep	  period	  were	  plotted.	  On	  the	  right	  panel	  (E)	  LZC	  in	  
the	  placebo	  group	  were	  significantly	  higher	  (p	  =	  0.024)	  in	  NREM	  sleep	  stage	  2.	  In	  (F),	  LZC	  in	  
zolpidem	  group	  was	  significantly	  lower	  than	  placebo	  (p	  =	  0.034).	  ......................................	  77	  
Figure	  4.14.	  Averaged	  PE	  (m	  =	  6,	  t	  =	  1))	  values	  of	  placebo	  (T1),	  melatonin	  (T2),	  zolpidem	  (T3)	  
and	  temazepam	  (T4)	  in	  different	  vigilance	  states.	  On	  the	  left	  panel	  (A-­‐C):	  PE	  values	  at	  the	  
1st,	  2nd	  and	  3rd	  thirds	  of	  the	  whole	  sleep	  period	  were	  plotted.	  On	  the	  right	  panel	  (D):	  Power	  
spectral	  density	  (PSD)	  in	  wakefulness	  and	  in	  (F)	  changes	  in	  the	  alpha	  band	  of	  the	  PSD	  was	  
plotted.	  PSD	  in	  wakefulness	  in	  2nd	  third	  of	  the	  whole	  night	  sleep	  was	  significantly	  higher	  
than	  other	  sleep	  periods.	  ......................................................................................................	  78	  
Figure	  4.15.	  Averaged	  PLZC	  (m	  =	  6,	  t	  =	  1))	  values	  of	  placebo	  (T1),	  melatonin	  (T2),	  zolpidem	  (T3)	  
and	  temazepam	  (T4)	  in	  different	  vigilance	  states.	  On	  the	  left	  panel	  (A-­‐C):	  PLZC	  values	  at	  
the	  1st,	  2nd	  and	  3rd	  thirds	  of	  the	  whole	  sleep	  period	  were	  plotted.	  On	  the	  right	  panel	  (D):	  
Power	  spectral	  density	  (PSD)	  in	  wakefulness	  and	  in	  (F)	  changes	  in	  the	  alpha	  band	  of	  the	  
PSD	  was	  plotted.	  PSD	  in	  wakefulness	  in	  2nd	  third	  of	  the	  whole	  night	  sleep	  was	  significantly	  
higher	  than	  other	  sleep	  periods.	  ...........................................................................................	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Nomenclature	  
NREM	   Non-­‐rapid-­‐eye-­‐movement	  sleep	  
REM	   Rapid-­‐eye-­‐movement	  sleep	  
VS	   Vigilance	  state	  
EEG	   Electroencephalogram	  
SD	   Sleep	  deprivation	  
LZC	   Lempel-­‐Ziv	  complexity	  
PE	   Permutation	  entropy	  
PLZC	   Permutation	  Lempel-­‐Ziv	  complexity	  
ECG	   Electrocardiogram	  
EMG	   Electromyogram	  
EOG	   Electrooculogram	  
CNS	   Central	  nervous	  system	  
PSG	   Polysomnography	  
R&K	   Rechtschaffen	  and	  Kales	  sleep	  scoring	  criteria	  
SWS	   Slow	  wave	  sleep	  
qEEG	   Quantitative	  EEG	  	  
SDA	   Symbolic	  dynamic	  analysis	  
D2	   Correlation	  dimension	  
L1	   Lyapunov	  exponent	  
H	   Hurst	  exponent	  
DFA	   Detrended	  fluctuations	  analysis	  
ApEn	   Approximate	  entropy	  
SampEn	   Sample	  entropy	  
5-­‐HT	   Seratonin	  
NE	   Norepinephrine	  
DA	   Dopamine	  
ACh	   Acetylcholine	  
GLU	   Glutamate	  
HA	   Histamine	  
OX	   Orexin	  
BFB	   Basal	  forebrain	  
GABA	   Gamma-­‐aminobutyric	  acid	  
GABAA	   Gamma-­‐aminobutyric	  acid	  alpha	  receptor	  
MCH	   Melatonin	  concentrating	  hormone	  
peri-­‐LCa	   Peri	  locus	  coeruleus	  alpha-­‐nucleus	  
LPF	   Local	  field	  potential	  
GBX	   Gaboxadol	  
PSP	   Phase	  space	  plot	  
m,	  d	   Embedding	  vector	  dimension	  
τ	   Time	  delay	  
ANOVA	   Analysis	  of	  variance	  
ACF	   Auto-­‐correlation	  function	  
N	   Signal	  length	  
RH	   Right	  hemisphere	  
LH	   Left	  hemisphere	  
r	   Correlation	  coefficient	  
R2	   Greatest	  coefficient	  of	  determination	  
SWA	   Slow	  wave	  activity	  
SSRC	   Surrey	  Sleep	  Research	  Centre	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RTS	   Real	  time	  series	  
STS	   Surrogate	  time	  series	  
RSWS	   Related	  samples	  Wilcoxon	  signed	  rank	  test	  
RM-­‐ANOVA	   Repeated	  measures	  analysis	  of	  variance	  
df	   Degree	  of	  freedom	  
G-­‐G	   Greenhouse-­‐Geisser	  correction	  estimate	  of	  sphericity	  
H-­‐F	   Huynh-­‐Feldt	  correction	  estimate	  of	  sphericity	  
BL	   Baseline	  light	  
BD	   Baseline	  dark	  
RL	   Recovery	  light	  
RD	  	   Recovery	  dark	  
P-­‐PL	   Placebo	  (0.9%	  saline)	  
LD	   Low	  dose	  (1mg/kg	  tiagabine)	  
HD	   High	  dose	  (2mg/kg	  tiagabine)	  
ε	   Correction	  estimate	  of	  sphericity	  
F	   Power	  of	  statistical	  analysis	  
N1	   NREM	  sleep	  stage	  1	  
N2	   NREM	  sleep	  stage	  2	  
N3	   NREM	  sleep	  stage	  3	  
N4	   NREM	  sleep	  stage	  4	  
R	   Rapid-­‐eye-­‐movement	  sleep	  
F	   female	  
M	   Male	  
SP1-­‐3	   Sleep	  period	  1-­‐3	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1.   Introduction	  
This	  thesis	  is	  written	  as	  part	  of	  the	  requirements	  for	  the	  examination	  of	  study	  pertaining	  to	  the	  
award	   of	   Doctor	   of	   Philosophy.	   This	   chapter	   is	   an	   introduction	   and	   focuses	   on	   providing	  
relevant	   background	   information	   including	   an	   overall	   look	   at	   biomedical	   signal	   processing	   to	  
electroencephalogram	   and	   sleep	   in	   rodents	   and	   in	   humans.	   Furthermore,	   a	   section	   about	  
symbolic	   dynamic	   analysis	  methods	  was	   included	   to	   set	   the	   scene	   for	   the	   research	   question	  
and	   the	   aims.	   This	   chapter	   also	   comprises	   the	   hypothesis	   and	   outlines	   the	   structure	   of	   the	  
thesis.	  	  
1.1.   Biomedical	  Signal	  Processing	  
Bronzino	   (2006)	   describes	   biomedical	   engineering	   as;	   applications	   of	   engineering	   principles	  
(e.g.,	  electrical,	  mechanical,	  chemical)	  to	  understand,	  modify	  and	  control	  biological	  systems	  to	  
help	  design	  and	  manufacture	  treatment	  and	  diagnostic	  tools.	  This	  definition	  alone	  gives	  clues	  
as	   to	   how	   varied	   research	   in	   the	   field	   is.	   Saltzman	   (2009)	   listed	   some	  of	   these	   disciplines	   as	  
biomaterials,	  biomechanics,	  bioinformatics,	  biomedical	   instrumentation	  and	  biomedical	   signal	  
and	   image	   processing.	   All	   of	   these	   sub	   disciplines	   research	   into	   different	   aspects	   and	  
applications	  of	  the	  biomedical	  field.	  This	  thesis	  is	  on	  the	  other	  hand,	  falls	  into	  the	  sub	  discipline	  
biomedical	   signal	   processing	   and	   the	   discipline	   deals	   with	   the	   assessment	   and	   the	  
mathematical	  evaluation	  of	  biological	  signals	  (Onaral,	  2006).	  
Biological	  signals	  are	  derived	  from	  living	  systems	  or	  biological	  structures	  (Onaral,	  2006).	  These	  
are	  also	  called	  biomedical	   signals	  and	   they	  originate	  and	  named	  after	   the	  sources	   they	  come	  
from	   –	   such	   as	   brain	   activity	   from	   Electroencephalogram	   (EEG),	   cardiovascular	   activity	   from	  
Electrocardiogram	   (ECG),	   muscle	   and	   eye	   movements	   from	   Electromyogram	   (EMG)	   and	  
Electrooculogram	  (EOG)	  respectively.	  	  
Regardless	   of	   the	   source	   or	   the	   location	   of	   the	   biomedical	   signal,	   they	   all	   carry	   information	  
about	   the	   physiological	   system	   responsible	   for	   the	   activity	   recorded.	   In	   order	   to	   extract	  
valuable	  information	  about	  the	  system,	  numerous	  processing	  techniques	  are	  in	  place	  including	  
visual	   inspection	   to	   advanced	   signal	   processing	  methods	   (Cohen,	   2000).	   All	   these	   processing	  
techniques	   were	   derived	   to	   aid	   the	   healthcare	   providers	   with	   accurate	   diagnostics	   and	  
treatment	  solutions.	  Therefore,	  these	  need	  to	  provide	  as	  much	  information	  as	  possible,	  be	  as	  
fast	   and	  objective	  as	  possible	   i.e.,	   free	  of	   specialist’s	   remark	  which	  may	   change	  with	   training	  
and/or	  experience	  (Laguna	  and	  Sornmo,	  2009).	  Thus,	  biomedical	  signal	  processing	  techniques	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proves	   to	   be	   significantly	   important	   at	   ensuring	   the	   objectives	   of	   biological	   information	  
extraction	  and	  the	  accurate	  measurement	  of	  the	  biological	  activity	  (Sanei	  and	  Chambers,	  2007).	  	  
Within	   this	   thesis,	   biomedical	   signal	   processing	   of	   electrical	   signals	   from	   the	   brain	   was	  
investigated.	  EEGs	  recorded	  from	  rodents	  and	  humans	  during	  sleep	  were	  used	  to	  characterise	  
the	   dynamic	   changes	   in	   the	   brain	   activity	   in	   ageing,	   sex	   differences	   and	   pharmacological	  
interventions.	  Signal	  processing	  methods	  applied,	  focused	  on	  non-­‐traditional,	  symbolic	  dynamic	  
analysis	   techniques	  which	  describe	   the	   characteristics	  of	   signals	  by	   the	   rate	  of	   change	   in	   the	  
information	  content	  of	  the	  signals	  (Daw,	  Finney	  and	  Tracy,	  2003;	  Stepien,	  2011).	  This	  research	  
will	  provide	  complementary	  information	  to	  what	  is	  known	  and	  applied	  to	  sleep	  EEG	  research	  so	  
far	  and,	  further	  advance	  the	  research	  into	  simple,	  yet	  effective	  EEG	  processing	  algorithms	  and	  
tools.	  	  
1.2.   The	  Electroencephalogram	  
The	   EEG	   is	   a	   recording	   of	   the	   electrical	   activity	   of	   the	   brain	   from	   the	   cortex	   (Niedermeyer,	  
2004).	   Starting	   from	   the	   early	   1800s,	   electrical	   signals	   were	   recorded	   using	   galvanometers	  
however,	   Caton	   was	   the	   first	   researcher	   to	   place	   two	   electrodes	   on	   the	   human	   scalp	   and	  
recorded	   brain	   activity	   as	   electrical	   signals	   (Caton,	   1875).	   Human	   EEG	   signals	   were	   first	  
recorded	  with	   the	  purpose	  of	   analysing	  human	  brain	  activity	  by	  Berger	   in	  1929.	  He	   reported	  
components	   of	   the	   EEG	   (e.g.,	   alpha	   rhythms)	   (Berger,	   1929).	   Since	   then,	   EEG	  was	   used	   in	   a	  
wide	  range	  of	  clinical	  applications	   in	  neurology,	  brain	  surgery,	  sleep,	  anaesthesia,	  paediatrics,	  
and	  psychiatry	  (Thatcher	  and	  Lubar,	  2008).	  	  
The	  brain	  is	  an	  essential	  part	  of	  nervous	  system	  and,	  together	  with	  the	  spinal	  cord;	  they	  form	  
the	   central	   nervous	   system	   (CNS)	   which	   is	   responsible	   in	   maintaining	   the	   voluntary	   and	  
involuntary	   functions	   (Gray	  et	  al.,	  2016).	  The	  brain	   is	   formed	  of	  different	   regions	   (Figure	  1.1)	  
which	  are	  all	  responsible	  in	  sustaining	  various	  tasks	  such	  as;	  perception,	  motor	  control,	  arousal	  
and	  homeostasis	  (Gray	  et	  al.,	  2016).	  	  
These	   tasks	  are	   completed	  by	  neurophysiological	   structures	   thorough	  chemical	   and	  electrical	  
activation	  and,	  transmission	  of	  information	  between	  brain	  and	  the	  body	  (Sanei	  and	  Chambers,	  
2007).	  Neurons,	  glia	  cells	  and	  blood	  vessels	  form	  the	  neurophysiological	  structures	  that	  support	  
the	  brain	   functioning	   (Gray	  et	  al.,	  2016).	  Glial	   cells	  and	  blood	  vessels	  are	  key	   to	  maintain	   the	  
optimal	   functioning	   of	   the	   nerves	   by	   removing	   metabolic	   waste	   to	   increasing	   the	   electrical	  
impulses	   (i.e.,	  myelin	  sheaths	  of	   the	  oligodendrocytes	  of	   the	  macroglial	  cells).	  Therefore,	  glial	  
cells	  outnumber	  the	  neurons	  (Pelvig	  et	  al.,	  2008).	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Figure	  1.1.	  Lateral	  and	  medial	  view	  of	  the	  brain	  (Adapted	  from	  Sanei	  and	  Chambers,	  2007)1	  
In	  Figure	  1.2,	  components	  of	  a	  neuron	  are	  given.	  A	  neuron	  consists	  of	  dendrites,	  which	  receive	  
impulses	   from	   the	   previous	   neuron;	   a	   central	   soma,	   the	   cell	   body	   which	   includes	   cell	  
organelles;	  and	   the	  axon,	  which	   transport	   the	   impulse	   to	   the	  body	   through	   the	  next	  neurons	  
(Gray	  et	  al.,	  2016).	  At	  the	  end	  of	  the	  axons	  are	  synaptic	  terminals	  (i.e.,	  terminal	  buttons)	  which	  
include	   neurotransmitters.	   Releases	   of	   the	   neurotransmitters	   initiate	   the	   electrochemical	  
processes	  which	   then,	  generate	   the	  electrical	   fields	  due	   to	   the	  activation	  of	   the	  neurons	  and	  
the	  surrounding	  brain	  tissue.	  When	  numerous	  neurons	  synchronise,	  the	  accumulated	  electrical	  
field	  can	  be	  detected	  from	  outside	  the	  skull	  using	  EEG	  (Britton	  et	  al.,	  2016).	  
	  
Figure	  1.2.	  The	  structure	  of	  a	  neuron	  (Tellen,	  2016)2	  
The	   electrical	   activity	   captured	   from	   the	   EEG	   scalp	   electrodes	   is	   generated	   by	   pyramidal	  
neurons	  found	  on	  the	  third	  and	  fifth	   layer	  of	  the	  cortex	  (Figure	  1.3).	   	  The	  activity	  reflected	   in	  
the	  EEG	  is	  caused	  by	  the	  post-­‐synaptic	  potentials	  of	  these	  neurons.	  As	  seen	  in	  Figure	  1.3,	  there	  
are	   connections	   between	   cortical	   neurons	   along	   with	   the	   cortex	   and	   deeper	   subcortical	  
structures	  as	  thalamus	  (Britton	  et	  al.,	  2016).	  High	  amplitude,	  sinusoidal	  rhythmic	  activity	  seen	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Permission	  to	  reprint	  this	  figure	  has	  been	  granted	  by	  the	  copyright	  holder	  Wiley.	  
2	  No	  permission	  was	  required	  to	  reuse	  this	  image,	  https://creativecommons.org/licenses/by/4.0/	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on	   the	   EEG	   is	   caused	   by	   the	   vertical	   oscillatory	   communication	   of	   the	   neurons	  whereas	   the	  
desynchronisation	  of	  the	  cortex	  results	  in	  lower	  amplitude,	  faster	  electrical	  rhythms	  (Britton	  et	  
al.,	  2016).	  In	  Table	  1.1,	  specific	  brain	  activity	  reflected	  in	  the	  EEG	  and	  their	  source	  in	  the	  brain	  is	  
summarised.	  
Table	  1.1.	  Brain	  activity	  reflected	   in	  the	  EEG	  and	  their	  source	  within	  the	  brain	   (Adapted	  from	  Steriade,	  
2003;	  2006).	  
Band	   Frequenc
y	  
Source	  of	  the	  activity	  
Delta	  (δ)	   <4	   Synchronisation	   of	   cortical	   and	   thalamic	   neurons;	   reflected	   frontally	   in	  
adults,	  posteriorly	  in	  children	  
Theta	  (θ)	   4	  –	  7	   Activation	  of	  lateral	  geniculate	  relay	  neurons;	  found	  various	  locations	  
Alpha	  (α)	   8	  –	  15	   Similar	  mechanism	   to	   theta	   activity	   generation;	   reflected	   posteriorly	   on	  
both	  sides	  or	  on	  central	  sites	  at	  rest	  
Beta	  (β)	   16	  –	  31	   Fast	  rhythmic	  bursting	  cortical	  cells	  projecting	  to	  thalamus;	  observed	  on	  
both	  sides,	  symmetrical	  distribution,	  most	  evident	  frontally	  
Gamma	  (γ)	   >32	   Somatosensory	  cortex,	  similar	  mechanism	  to	  beta	  activity	  with	  sustained	  
fast	  rhythms	  during	  steady	  depolarisation	  
Sigma	  (spindle)	   8	  -­‐	  12	   Synchronous	   firing	   of	   neocortical	   neurons	   impinging	   thalamic	   reticular	  
neurons	  
	  
Figure	  1.3.	  Pyramidal	  neurons	  and	  the	  layers	  of	  the	  cortex	  (From	  Sezntágothai,	  1983)3	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  Permission	  to	  reprint	  this	  figure	  has	  been	  granted	  by	  the	  copyright	  holder,	  Springer	  Nature.	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In	   sleep	   EEG	   analysis,	   Hallowel	   and	   Pauline	   Davis	   were	   the	   earliest	   researchers	   (Sanei	   and	  
Chambers,	   2007).	   However,	   Loomis,	   Harvey	   and	   Hobart	   were	   the	   first	   investigators	   who	  
studied	  the	  nature	  of	  sleep,	  sleep	  patterns	  and	  sleep	  stage	  classification	   (Loomis,	  Harvey	  and	  
Hobart,	  1937).	  Furthermore,	  Kleitman	  (1939)	  was	  the	  pioneer	  of	  the	  quantitative	  sleep	  analysis	  
who	  applied	  Fourier	  analysis	   to	  EEG	  signals	   to	   investigate	  sleep	  disorders	   in	   the	  1950s	   (Sanei	  
and	  Chambers,	  2007).	  Since	  then,	  EEG	  analysis	  in	  sleep	  has	  developed	  with	  the	  technology	  and	  
extensively	   used	   in	   the	   assessment	   of	   the	   neurophysiology	   of	   the	   brain	   in	   different	  
physiological	  states	  and	  pathologies	  (Prerau,	  et	  al.,	  2017)	  which	  will	  be	  introduced	  in	  the	  next	  
section.	  	  
1.2.1.   Electroencephalogram	  Recording	  	  
EEG	  systems	  consist	  of	  a	  number	  of	  electrodes,	  analogue	  filters	  and	  amplifiers	  attached	  to	  each	  
electrode	   and,	   analogue-­‐to-­‐digital	   converters	   to	   utilise	   the	   digital	   system.	   The	   effective	  
bandwidth	   of	   an	   EEG	   signal	   is	   well	   within	   100	   Hz	   and,	   the	   minimum	   of	   200	   samples/s	   is	  
required	   to	   satisfy	   Nyquist	   criterion	   to	   accurately	   record	   and	   represent	   the	   signal	   and	   its	  
components	   (Sanei	  and	  Chambers,	  2007).	   In	  addition	   to	   this	  criterion,	   the	  use	  of	  high	  quality	  
correctly	  placed	  electrodes	  ensures	  reliable	  EEG	  recordings.	  The	  10-­‐20	  system	  is	  recommended	  
by	   the	   International	   Federation	   of	   Societies	   for	   Electroencephalography	   and	   Clinical	  
Neurophysiology.	  	  	  
	  
Figure	  1.4.	  The	  10-­‐20	  electrode	  placement	  system	  (Sanei	  and	  Chambers,	  2007)4	  
As	   the	  name	  of	   the	   system	   suggests,	   electrodes	   are	   placed	  within	   10	   and	  20%	  of	   the	   length	  
between	  nasion	  (nose),	  inion	  (occipital	  projection),	  left	  and	  right	  preaurical	  (ears)	  to	  the	  centre	  
(i.e.,	   electrode	   Cz).	   The	   placement	   can	   have	   up	   to	   23	   electrodes	   including	   the	   2	   reference	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  Permission	  for	  the	  reuse	  of	  the	  figure	  is	  granted	  by	  the	  copyright	  holder,	  John	  Wiley	  and	  Sons.	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electrodes	  attached	  on	  to	  ear	  lobes	  or	  on	  the	  chin	  to	  provide	  a	  baseline	  recording	  of	  the	  EEG.	  
Before	   the	   analogue	   to	   digital	   conversion,	   signals	   are	   filtered	   generally	   between	   0.5-­‐50Hz	  
before	   the	   amplification	   occurs.	   This	   process	   removes	   any	   mains	   contamination	   or	   low	  
frequency	  noise	   (e.g.,	  breathing)	   to	   the	  signal	  and	  well	  within	   the	  area	  of	  clinical	   information	  
(Sanei	   and	   Chambers,	   2007).	   Therefore,	   this	   electrode	   set-­‐up	   is	   also	   widely	   used	   in	   sleep	  
research	   with	   variations	   to	   the	   number	   of	   electrodes	   used	   to	   record	   the	   EEG	   based	   on	   the	  
study.	   In	   order	   to	   investigate	   the	   effects	   of	   any	   alteration	   or	   manipulation	   on	   sleep,	   19-­‐21	  
electrodes	  are	  widely	  used	  to	  further	  understand	  the	  function	  of	  different	  brain	  regions	  in	  the	  
regulating	  and	  maintaining	  the	  sleep	  (Dijk,	  2009;	  Carrier	  et	  al.,	  2017).	  
Recording	  of	  rodent	  sleep	  on	  the	  other	  hand	  differs	  from	  human	  sleep	  as	  it	  is	  usually	  invasive	  
(Kramer	   and	   Kinter,	   2003).	   The	  method	  of	   carrying	   the	   signals	   (e.g.,	   telemetric,	   fixed	   cables)	  
varies	  between	  different	  clinical	  procedures	  however,	  the	  telemetric	  EEG	  recording	  is	  proved	  to	  
be	  precise	  and	  effective	  in	  many	  physiological	  or	  pathological	  conditions	  without	  restricting	  the	  
animals	  (Weiergräber	  et	  al.,	  2005).	  
	  
Figure	   1.5.	   Skull	   of	   a	  mouse.	   Cranial	   bones;	   oo	   (os	   occipitale),	   op	   (os	   parietale),	   of	   (os	   frontale	   )	   and,	  
sutures;	   sf	   (sutura	   frontalis),	   ss	   (sutura	   saggitalis),	   sc	   (sutura	  coronaria)	  and	   sl	   (sutura	   lambdoidea)	  are	  
used	  to	  determine	  the	  anatomical	  landmark	  bregma	  (B)	  and	  lamda	  (L).	  EEG	  electrodes	  are	  placed	  1mm	  
lateral	  on	  bothe	  sides	  towards	  the	  caudal	  of	  	  B	  (marked	  as	  yellow	  stars)	  (Adapted	  from	  (Weiergräber	  et	  
al.,	  2005))5.	  	  
Different	  electrode	  positions	  can	  be	  used	  and	  an	  example	  is	  shown	  in	  Figure	  1.5.	  EEG	  and	  EMG	  
recordings	  can	  be	  obtained	  via	  implanted	  electrodes	  below	  the	  skull	  and	  above	  the	  dura.	  EEG	  
electrodes	   are	   attached	  with	   reference	   to	   the	   anatomical	   landmarks	   lambda	   (L)	   and	   bregma	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5	  Permission	  to	  use	  part	  of	  the	  original	  figure	  was	  granted	  by	  the	  copyright	  holder,	  Elsevier.	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(B).	  Bipolar	  electrodes	  are	  implemented	  on	  to	  1mm	  lateral	  sides	  towards	  the	  caudal	  of	  B.	  EMG	  
is	  recorded	  from	  wires	  (e.g.,	  silver)	  inserted	  in	  the	  dorsal	  neck	  musculature	  (Weiergräber	  et	  al.,	  
2005).	  	  	  
1.2.2.   Sleep	  EEG	  Analysis	  
Sleep	  affects	  a	  wide	  range	  of	  processes	  from	  cognitive	  performance	  and	  learning	  capabilities	  to	  
physical	  and	  emotional	  well-­‐being	   that	  are	   related	   to	  neuronal	  plasticity	  of	   the	  brain	   (Walker	  
and	   Stickgold,	   2006).	   Polysomnography	   (PSG)	   is	   a	   tool	   that	   provides	   data	   to	   measure	   and	  
understand	   sleep	   in	   both	   healthy	   and	   diseased	   subjects.	   It	   typically	   combines	   several	  
physiological	  signals	  (e.g.,	  EEG,	  EMG,	  EOG	  and	  heart	  rate)	  to	  characterise	  sleep.	  
Evaluation	  of	   sleep	  with	  EEG	   is	   traditionally	  quantified	  by	   visual	   scoring	  of	   the	  PSG	  based	  on	  
Rechtschafen	  and	  Kales	  (R&K)	  criteria	  (Rechtschafen	  and	  Kales,	  1968).	  According	  to	  this,	  EEG	  in	  
non-­‐rapid-­‐eye-­‐movement	   (NREM)	   sleep	   is	   classified	   as	   stage	   1,	   2,	   3	   or	   4,	   the	   latter	   two	   are	  
taken	  together	  (i.e.,	  stage	  3)	  and	  also	  called	  “slow	  wave	  sleep”	  (SWS)	  (American	  sleep	  criteria).	  
Stage	   1	   is	   a	   transition	   stage	   between	   wake	   and	   sleep.	   It	   is	   usually	   characterised	   by	   “alpha	  
dropout”	   i.e.,	   the	   alpha	   activity	   which	   is	   prominent	   in	   wake	   is	   replaced	   by	   theta	   activity	  
(Niedermeyer,	  2004)	  and	   is	   caused	  by	  phasic	   inhibition	  of	   the	   thalamocortical	  neurons	  which	  
are	  depolarised	  with	  lower	  activations	  of	  the	  cortical	  and	  brain	  stem	  input	  (Cantera	  et	  al.,	  2003,	  
Hughes,	  et	  al.,	  2004).	  Stage	  2	  is	  referred	  to	  as	  “light	  sleep”	  (Niedermeyer,	  2004)	  and	  represents	  
40-­‐50%	  of	  the	  total	  sleep	  time.	  In	  this	  stage,	  the	  brain	  is	  in	  slow	  theta	  activity	  with	  occasional	  
bursts	   of	   rapid	   waves	   called	   K-­‐complexes	   (Figure	   1.4).	   K-­‐complexes	   are	   vertex	   waves	   which	  
typically	   observed	   after	   a	   small	   discharge	   of	   positive	   polarity	   is	   followed	   by	   a	   large	   negative	  
wave	  (Cash	  et	  al.,	  2009)	  and	  a	  clear	  indicator	  of	  a	  NREM	  sleep	  stage	  2	  (Niedermeyer,	  2004).	  
Rapid-­‐eye-­‐movement	   (REM)	   sleep	   was	   first	   noted	   by	   Aserinsky	   and	   Kleitman	   (1953).	   EEG	  
characteristically	  has	  high	  frequency	  (predominant	  beta	  activity,	  13-­‐30Hz)	  low	  amplitude	  values	  
during	  this	  stage.	  EMG	  (muscle	  tone)	  is	  very	  low	  and	  eye	  movement	  is	  rapid,	  therefore	  EOG	  has	  
a	   high	   frequency	   component,	   and	   also	   heart	   rate	   and	   respiration	   are	   increased.	   REM	  occurs	  
every	  90-­‐100	  minutes,	  although,	  this	  range	  may	  vary	  between	  adults	  (Borbély	  and	  Achermann,	  
1992).	  Typically,	  adults	  sleep	  through	  4	  to	  5	  cycles	  during	  a	  night.	  If	  the	  entire	  sleep	  stages	  over	  
a	  night	  were	  to	  be	  plotted,	  the	  resulting	  sleep	  profile	  would	  be	  a	  hypnogram	  (Figure	  1.5)	  and	  
the	  sleep	  cycles	  can	  be	  visually	  evaluated	  according	  to	  the	  profile.	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Figure	  1.6.	  A	  spindle	  activity	  (A)	  followed	  by	  a	  K-­‐Complex	  and	  a	  single	  K-­‐complex	  in	  a	  NREM	  sleep	  stage	  2	  
episode	  (Adapted	  from	  Ehrhart	  et	  al.,	  19816)	  
Quantitative	  EEG	  (qEEG)	  methods	  however,	  are	  more	  sensitive	  because	  they	  do	  not	  depend	  on	  
arbitrary	   amplitude	   and	   incidence	   criteria	   (Trachsel,	   et	   al.,	   1990,	   Larsen,	   et	   al.,	   1995).	   For	  
example,	   all	   slow	  waves	   greater	   than	   75	   µV	   count	   towards	   SWS;	   however,	   a	   decrease	   or	   an	  
increase	  in	  the	  amplitude	  within	  the	  range	  of	  SWS	  does	  not	  affect	  the	  visual	  classification	  of	  the	  
EEG	  epoch.	  Therefore,	  qEEG	  allows	  detection	  of	   the	  effects	  of	  a	  manipulation	   (e.g.,drugs)	  on	  
SWS	   that	   would	   not	   be	   recognised	   by	   the	   standard	   visual	   scoring.	   Consequently,	   combining	  
visual	   and	  qEEG	  analyses	   to	  ensure	   continuity,	   standardisation	  and	   sensitivity	   to	   assess	   sleep	  
has	  been	  the	  norm	  for	  the	  past	  3	  decades	  (Prerau,	  et	  al.,	  2017).	  
Traditional	   time-­‐frequency	   analysis	   methods	   were	   used	   for	   this	   purpose.	   These	   methods	  
represent	  the	  temporal	  characteristics	  of	  a	  signal	  by	  its	  spectral	  components	  in	  the	  frequency	  
domain	  i.e.,	  temporal	  changes	  are	  associated	  with	  the	  signal’s	  frequency	  spectrum	  of	  different	  
frequencies	   (Cohen,	  1989).	  However,	   these	  traditional	  methods	  are	  based	  on	  the	  assumption	  
that	  the	  original	  signal	   is	  stationary.	  Unfortunately,	  that	  is	  not	  an	  appropriate	  approach	  in	  the	  
analysis	  of	  biological/physiological	  signals	  where	  signals	  include	  repeated	  transient	  components	  
(Prerau,	  et	  al.,	  2017).	  This	  non-­‐stationarity	  problem	  was	  overcome	  by	  the	  improvements	  made	  
in	   the	   field.	   One	   of	   the	   improvements	   was	   to	   divide	   signals	   into	   shorter	   durations.	  
Nevertheless,	   this	   development	   failed	   to	   fully	   represent	   the	   signal	   due	   to	   the	   low	   spectral	  
resolution	  of	  the	  divided	  signal	  parts	  (Akay,	  1996).	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6	  Permission	  to	  reprint	  has	  been	  granted	  by	  Oxford	  University	  Press.	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Figure	  1.7.	  A	  hypnogram	  of	  an	  8-­‐h	  sleep	  recording.	  (A):	  On	  the	  y-­‐axis	  sleep	  stages	  are	  denoted	  as;	  Wake:	  
wakefulness;	  N1,	  N2,	  N3:	  NREM	   sleep	   stages	   1-­‐3	   and	  REM:	  REM	   sleep	  highlighted	   in	   black	  horizontal	  
lines.	   Sleep	  cycle	  occurs	  approximately	   in	  every	  90	  minutes	  and	  REM	  sleep	   increases	  across	   the	  night	  
whereas	   NREM	   sleep	   becomes	   lighter.	   	   (B):	   Key	   properties	   of	   different	   vigilance	   states	   (Scammel,	  
Arrigoni	  and	  Lipton,	  2017)7.	  
All	   in	   all,	   traditional	   methods,	   even	   though	   good	   estimators	   of	   spectral	   properties	   are	   not	  
sufficient	  enough	  in	  understanding	  how	  these	  signals	  are	  generated	  and	  changed	  overtime	  to	  
model	  physiological	  systems,	  and	  non-­‐linear	  methods	  can	  be	  useful	  in	  revealing	  microstructure	  
of	  naturally	  random	  physiological	  events	  (Stam,	  2005).	  Thus,	  they	  are	  well-­‐suited	  to	  be	  used	  in	  
sleep	  studies	  (Motamedi-­‐Fakhr	  et	  al.,	  2014).	  Moreover,	  using	  these	  methods	  is	  a	  necessary	  step	  
to	   further	   understand	   and	  measure	   sleep	   and	   wakefulness	   and	   characterise	   the	   sleep-­‐wake	  
cycle	   (Kubicki	   and	   Herrmann,	   1996)	   which	   may	   reveal	   changes	   in	   the	   brain	   activity	   due	   to	  
physiological	   or	   pathological	   alterations.	   For	   this	   purpose,	   this	   PhD	  was	   based	   on	   non-­‐linear	  
analysis,	   more	   specifically	   symbolic	   dynamic	   analysis	   (SDA),	   of	   sleep	   EEGs	   (i.e.,	   rodent	   and	  
human	   sleep)	   in	   sleep	   deprivation,	   ageing	   and	   sex	   differences	   and	   pharmacological	  
intervention.	  	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7	  Permission	  to	  reuse	  this	  figure	  has	  been	  granted	  by	  the	  copyright	  holder,	  Elsevier.	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1.3.   Symbolic	  Dynamic	  Analysis	  
SDA	  is	  a	  non-­‐linear	  analysis	  method	  which	  measures	  the	  complexity	  of	  a	  system	  by	  emergence	  
of	  patterns	  within	  a	  symbol	  series	  which	  was	  formed	  from	  the	  original	  signal	  (Daw,	  Finney	  and	  
Tracy,	   2003).	   Dynamic	   systems	   are	   formed	   of	   initial	   states	   and	   variables	   which	   change	   over	  
time.	  These	  changes	  can	  be	  described	  by	  equations	  and	   laws	  which	   forms	   the	  dynamics	  of	  a	  
system	  (Stam,	  2005).	  If	  the	  rate	  of	  change	  of	  these	  initial	  states	  and	  variables	  are	  represented	  
by	   linearly	   changing	   equations,	   then	   the	   system	   is	   defined	   as	   a	   linear	   system,	   non-­‐linear	  
otherwise.	  Brain	  activity	   is	   caused	  by	   the	  activation	  of	   individual	  neurons	  and	  heterogeneous	  
interactions	  among	  them	  which	  is	  far	  from	  being	  linear	  (Andrzejak	  et	  al.,	  2001).	  Therefore,	  the	  
sleep	  EEG	  can	  be	  treated	  as	  a	  non-­‐linear	  system	  even	  though	   it	  has	  empirically	  proven	   linear	  
properties	   such	  as	  prominent	  brain	   activity	   in	   certain	   stages	   (e.g.,	   delta	   activity	   in	   SWS).	   The	  
reason	   why	   it	   should	   be	   treated	   as	   a	   non-­‐linear	   system	   lies	   behind	   the	   uncertainty	   of	   the	  
transitions	  between	  sleep	  stages	  and	  sudden	  bursts	  of	  vertex	  waves	  (Prerau,	  et	  al.,	  2017).	  	  
Traditional	  non-­‐linear	  methods	   such	  as	   correlation	  dimension	   (D2),	  Hurst	  exponent	   (H),	   state	  
space	   and	   detrended	   fluctuations	   analysis	   (DFA)	   were	   used	   in	   sleep	   EEG	   analysis.	   In	  
wakefulness	   and	   REM	   sleep,	   brain	   was	   more	   active	   than	   NREM	   sleep	   and	   gradual	   increase	  
within	  NREM	  sleep	  stages	  were	  reported	  (Achermann	  et	  al.,	  1994a,	  1994b;	  Rapp	  et	  al.,	  1985;	  
Fell	  et	  al.,	  1996;	  Lee	  et	  al.,	  2004;	  Acharya,	  et	  al.,	  2005).	  These	  first	  approaches	  to	  characterise	  
complexity	  or	  regularity	  of	  the	  signal	  were	  based	  on	  quantifying	  the	  degree	  of	  compressibility	  
of	   the	  time	  series.	  This	  was	  done	  using	  small	  sequences	  of	   time	  series	   to	  describe	  the	  series’	  
complexity	  based	  on	  concise	  estimation	  of	  the	  complexity	  of	  a	  simple/regular	  series	  could	  as	  a	  
ratio	   of	   its	   small	   sequence	   to	   the	   time	   series	   whereas	   this	   estimation	   would	   be	   difficult	   for	  
complex	   time	   series	   (Stam,	  2005;	  Tosun	  et	   al.,	   2017).	  A	   signal	   that	   could	  not	  be	   compressed	  
e.g.,	  white	  or	  random	  noise	  would	  result	  in	  high	  complexity	  and	  a	  periodic	  signal	  would	  result	  in	  
low	   complexity.	   To	   address	   this	   aspect,	   entropy	   based	  methods	  were	   developed	   to	  measure	  
the	  uncertainty	  of	  the	  system	  and	  the	  probability	  distributions	  of	  samples	  used	  in	  the	  system’s	  
complexity	  estimation.	  Entropy-­‐based	  methods	  revealed	  underlying	  mechanisms	  of	  biomedical	  
time	   series	  by	   showing	   loss	  of	   complexity	   in	   ageing	   and	  disease,	   and	   reduced	  adaptability	   of	  
these	   systems	   in	   sudden	   changes	   (Stam,	   2005;	   Tosun	   et	   al.,	   2017).	   In	   sleep	   research,	  
permutation	   entropy	   (PE),	   approximate	   entropy	   (ApEn)	   and	   sample	   entropy	   (SampEn)	   have	  
been	  previously	  used.	  All	  these	  methods	  measure	  the	  regularity	  of	  a	  time	  series	  which	  results	  in	  
lower	  entropy	   in	   regular	   (e.g.,	   periodic)	   signals	  or	  higher	   if	   the	   signal	   is	   irregular	  or	   complex.	  
Therefore,	  similar	  to	  what	  was	  found	  by	  traditional	  non-­‐linear	  methods,	  wakefulness	  and	  REM	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sleep	   were	   characterised	   by	   higher	   complexity	   compared	   to	   NREM	   sleep	   (Nicolaou	   and	  
Georgiou,	  2011;	  Bruhn	  et	  al.,	  2000;	  Burioka,	  et	  al.,	  2009;	  Bruce,	  Bruce	  and	  Vennelaganti,	  2009).	  
In	   the	   interest	   of	   characterising	   brain	   activity	   during	   sleep,	   symbolic	   dynamic	   techniques	  
Lempel-­‐Ziv	  complexity	  (LZC),	  Permutation	  Entropy	  (PE)	  and	  Permutation	  Lempel-­‐Ziv	  complexity	  
(PLZC)	  were	  used	  in	  this	  PhD	  due	  to	  their	  advantages	  in	  computation	  (Daw,	  Finney	  and	  Tracy,	  
2003).	  These	  techniques	  will	  be	  introduced	  in	  section	  2.5	  and	  in	  Chapter	  3.	  	  
1.4.   Hypotheses	  and	  Aims	  of	  the	  Thesis	  
In	  this	  thesis,	  SDA	  was	  planned	  to	  be	  performed	  on	  sleep	  EEG	  in	  rodents	  and	  humans	  with	  the	  
interest	   of	   revealing	   changes	   in	   underlying	   brain	   activity	   in	   different	   vigilance	   states	   under	  
physiological	  alterations	  and	  pharmacological	  manipulations.	  
With	  the	  details	  given	  in	  this	  chapter	  and	  further	  in	  Chapter	  2,	  it	  was	  hypothesised	  that;	  	  
•   Changes	  in	  the	  brain	  activity	  corresponding	  to	  different	  vigilance	  states	  (VS)	  would	  be	  
identifiable	   with	   wakefulness	   and	   REM	   sleep	   characterised	   by	   higher	   complexity	  
compared	  to	  NREM	  sleep.	  
•   Changes	   in	   the	   sleep	   EEG	   signal	   in	   ageing	   and	   sex	   differences	  would	   be	   identifiable	  
with	  lower	  complexity	  in	  old	  age	  and	  females.	  
•   Differences	   in	  brain	   complexity	   in	  VS	  would	  be	   identifiable	  with	  distinct	   increases	  or	  
decreases	  with	  respect	  to	  the	  pharmacological	  manipulation.	  
•   Changes	   in	   the	   brain	   dynamic	   would	   reflect	   complimentary	   information	   to	   spectral	  
analyses	   with	   comparisons	   and	   correlations	   analyses	   performed	   on	   the	   real	   and	  
surrogate	  data.	  
1.5.   Structure	  of	  the	  Thesis	  
The	  break-­‐down	  of	  the	  thesis	  chapters	  are	  as	  below;	  
•   In	   Chapter	   2	   –	   Literature	   Review,	   an	   overview	   of	   the	   previous	   studies	  which	   include	  
sleep	   EEG	   is	   given.	   Starting	   from	   a	   broad	   non-­‐linear	   analysis	   techniques	   section	   to	   a	  
more	  specific	  symbolical	  dynamic	  analysis	  techniques	  section,	  the	  chapter	  also	  includes	  
an	  overall	  look	  at	  the	  signal	  processing	  methods	  applied	  to	  EEG	  signals.	  Furthermore,	  a	  
subsection	   for	   traditional	   sleep	   EEG	   analysis	   is	   given	  with	   selected	   studies	   of	   similar	  
datasets,	  which	  include	  rodent	  sleep	  deprivation	  and	  tiagabine’s	  effects	  on	  sleep	  and,	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ageing,	   sex	  differences	  and	  pharmacology	   (i.e.,	   temazepam,	  zolpidem	  and	  melatonin)	  
in	  human	  sleep	  EEG.	  
•   In	  Chapter	  3	  –	  Materials	  &	  Methods,	  datasets	  and	   the	  signal	  processing	  methods	  are	  
described.	   Datasets	   are	   rodent	   and	   human	   sleep	   EEG	   recordings	   of	   three	   different	  
datasets	  which	  are	  used	   to	   investigate	   the	  effects	  of	   sleep	  deprivation,	  drugs,	  ageing	  
and	   sex	  differences.	   Furthermore,	   symbolic	   dynamic	   analysis	  methods	   and	   their	   uses	  
are	   presented	   along	   with	   the	   statistical	   analysis	   methods	   used	   to	   compare	   the	  
manipulations’	  effects	  on	  the	  sleep	  EEG	  signals	  with	  their	  relevant	  baseline	  recordings.	  
•   In	  Chapter	  4	   –	  Results,	   three	   symbolic	  dynamic	   analysis	   techniques	  were	   tested	  with	  
the	  datasets.	  These	  are	  LZC,	  PE	  and	  PLZC.	  All	   the	  results	  are	   included	  with	  regards	  to	  
their	  relevant	  controls	  and	  with	  their	  statistical	  significance	  figures.	  Tables	  and	  graphs	  
of	   different	   datasets	   were	   generated	   and	   reported	   as	   a	   measure	   of	   change	   in	   the	  
complexity	  of	   the	  brain	  activity	  under	  different	  manipulations	   (i.e.,	   sleep	  deprivation,	  
drug	  administration)	  or	  conditions	  (i.e.,	  ageing,	  sex	  differences).	  
•   In	  Chapter	  5	  –	  Discussion,	  the	  main	  findings	  of	  the	  doctoral	  research	  are	  discussed	  with	  
respect	   to	   the	   aims	   and	   objectives	   of	   the	   thesis.	   Together	   with	   the	   results	   and	  
statistical	   analysis	   presented	   in	   Chapter	   4,	   the	   limitations	   of	   this	   thesis	   are	   also	  
discussed	  in	  detail	  within	  this	  section.	  
•   In	   Chapter	   6	   –	   Conclusions,	   the	   outcomes	   of	   the	   study	   are	   presented.	   After	   a	   brief	  
summary	   of	   the	  work	   completed	   for	   this	   thesis,	   the	   conclusions	   from	   this	   study	   are	  
detailed	  by	  recognising	  the	  limitations	  of	  the	  study.	  Furthermore,	  based	  on	  the	  findings	  
and	  the	  limitations	  of	  this	  study,	  future	  research	  directions	  are	  suggested.	  	  	  
In	   this	   chapter,	   key	   concepts;	   EEG	   signals,	   signal	   formation,	   electrode	   placements	   were	  
introduced	  together	  with	  the	  SDA	  techniques	  used	  in	  the	  EEG	  signal	  analysis.	  In	  addition	  to	  
these,	   general	   information	   relevant	   to	   sleep	   and	   sleep	   EEG	   analysis	   were	   described	   and	  
finally,	   the	  motivation	  and	  objectives	  of	   the	  work	   including	  the	  outline	  of	   the	  thesis	  were	  
listed.	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2.   Introduction	  
In	   this	   chapter,	   a	   literature	   review	   on	   the	   following	   topics	   listed	   will	   be	   detailed.	   These	   are	  
structured	  in	  this	  order	  to	  support	  the	  hypothesis	  and	  aims	  given	  in	  section	  1.5.	  
-­‐‑   Brain	  activity	  and	  regulation	  of	  sleep	  and	  EEG	  -­‐‑   Fourier	  based	  analysis	  in	  sleep	  research;	  studies	  focusing	  on	  the	  effects	  of	  ageing,	  sex	  
differences	  and	  pharmacology	  -­‐‑   Non-­‐linear	  analysis	  methods	  applied	  to	  sleep	  EEG	  -­‐‑   Symbolic	  dynamic	  analysis	  methods;	  LZC,	  PE	  and	  PLZC	  
2.1.   Brain	  Activity	  and	  Generation	  of	  the	  EEG	  during	  Sleep	  
Sleep	   is	   a	   regulated	   and	   maintained	   with	   various	   neurotransmitters.	   Wake	   and	   sleep	   (i.e.,	  
NREM	  and	  REM	  sleep)	  promoting	  neurotransmitters	  differ	  and	  are	  located	  in	  different	  parts	  of	  
the	   brain	   (Bianchi,	   2011).	   For	   instance,	   wakefulness	   promoting	   neurotransmitters	   are;	  
serotonin	   (5-­‐HT),	   norepinephrine	   (NE),	   dopamine	   (DA),	   acetylcholine	   (ACh),	   glutamate	   (GLU),	  
histamine	  (HA)	  and	  orexin	  (OX)	  (Monti,	  2013).	  Neurons	  which	  contain	  these	  neurotransmitters	  
are	  found	  in	  various	  parts	  of	  the	  brain	  (Scammel,	  Arrigoni	  and	  Lipton,	  2017).	  These	  regions	  are	  
located	  mainly	  within	  the	  brain	  stem,	  hypothalamus	  and	  basal	  forebrain	  (BFB)	  (Figure	  2.1)	  and	  
the	   neuro	   structures	   that	   participate	   in	   wakefulness	   spread	   to	   other	   regions	   such	   as;	   basal	  
ganglia	   and	   the	  prefrontal	   cortex	   (DA),	   entire	   forebrain	   and	  brain	   stem	  arousal	   systems	   (OX)	  
and	   thalamus,	   cerebral	   cortex	  and	   the	  BFB	   (5-­‐HT,	  NE,	  HA,	  ACh	  and	  GLU).	  Furthermore,	   sleep	  
inducing	  systems	  are	  mainly	  located	  in	  preoptic	  area,	  anterior	  hypothalamus	  and	  adjacent	  BFB.	  
Slow	  wave	  activating	  neurons	  are	  located	  in	  ventrolateral	  preoptic	  area	  (VLPO).	  The	  majority	  of	  
the	   neurons	   contain	   gamma-­‐aminobutyric	   acid	   (GABA)	   and	   galonin	   and	   adenosine	   which	  
project	  to	  BFB,	  brain	  stem	  and	  hypothalamic	  areas	  during	  SWS	  inhibiting	  and	  wake	  producing	  
structures.	   In	   addition,	   melatonin	   concentrating	   hormone	   (MCH)	   found	   in	   zona	   incerta,	  
preforalical	   nucleus	   and	   lateral	   hypothalamic	   area,	   has	   similar	   properties	   to	   GABA	   which	  
facilitate	   sleep	   occurrence	   by	   inhibiting	   monoaminergic	   and	   cholinergic	   neurons	   involved	   in	  
wakefulness.	   REM	   sleep	   is,	   on	   the	   other	   hand,	   controlled	   by	   cholinergic	   and	   non-­‐cholinergic	  
structures	   found	   in	   ventral	   and	   rostral	   parts	   of	   the	   pontine	   reticular	   nucleus	   as	   well	   as	   the	  
neurons	   in	   the	   peri	   locus	   coeruleus	   alpha-­‐nucleus	   (peri-­‐LCa)	   of	   the	   medio	   dorsal	   pontine	  
tegmentum	   (Andretic,	   Franken	   and	   Tafti,	   2008;	  Monti,	   2013;	   Scammell,	   Arrigoni	   and	   Lipton,	  
2017).	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Figure	   2.1.	   Sagittal	   view	   of	   the	   rodent	   brain.	   Major	   neurotransmitters	   and	   brain	   regions	   involved	   in	  
regulation	  of	   different	   vigilance	   states.	   A)	  Wakefulness,	   cholinergic	   (Acetylcholine:	   Ach)	   control	   raising	  
from	  brain	  stem	  (LDT,	  PPT)	  to	  thalamus	  and,	  activation	  of	   the	  cortex	   from	  basal	   forebrain	   (BF)	   (in	  blue	  
pathway),	  monoaminergic	   control	   (in	   red),	   and	   hypocretinergic	   control	   (in	  green)	   B)NREM,	   GABAergic	  
control	  raising	  from	  ventrolateral	  preoptic	  area	  (VLPO)	  inhibiting	  all	  wake	  promoting	  regions	  C)REM	  sleep	  
cortical	   activation,	   cholinergic	   control	   arising	   from	   brain	   stem	   (in	   blue),	   REM	   atonia	   controlled	   by	  
glutamatergic	  and	  glycinergic	  projections	  to	  spinal	  cord	  (in	  purple)	  	  (Andretic,	  Franken	  and	  Tafti,	  2008)8.	  
2.2.   Traditional	  Sleep	  EEG	  Analysis	  
Traditionally,	  sleep	  EEG	  were	  analysed	  using	  Fourier	  Transform	  based	  techniques	  (e.g.,	  Discrete	  
Fourier	   Transform,	   Fast	   Fourier	   Transform).	   These	   techniques	   reflect	   the	   frequency	  
composition	  of	   the	   signals.	   Therefore,	   they	  were	  widely	  used	   in	   sleep	   research	   to	  determine	  
sleep	  stages	  to	  evaluation	  of	  pharmacological	  manipulation	  on	  the	  spectral	  distribution	  of	  sleep	  
(Prerau	  et	  al.,	  2017).	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8	  Permission	  to	  reprint	  for	  this	  figure	  has	  been	  granted	  by	  the	  copyright	  holder,	  Annual	  Reviews.	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In	  this	  section,	  key	  papers	  published	  on	  rodent	  and	  human	  sleep	  will	  be	  presented.	  In	  addition	  
to	   the	   regulation	   of	   sleep	   described	   in	   the	   previous	   section,	   this	   section	   will	   include	  
characteristics	   of	   the	   EEG	   under	   physiological	   (i.e.,	   normal	   sleep,	   ageing	   and	   gender	  
differences)	  and	  pharmacological	   (i.e.,	  drug	  administration	  such	  as	  tiagabine,	   temazepam	  and	  
zolpidem)	  sleep.	  	  
2.2.1.   Sleep	  Deprivation	  
Sleep	  deprivation	   (SD)	   is	   a	  widely	  used	   tool	   to	   investigate	   the	   role	  of	   sleep	   in	  brain	   function,	  
memory	   consolidation	   etc.	   It	   also	   provides	   further	   insights	   in	   sleep	   pharmacology	   studies	   to	  
assess	   the	   effects	   of	   the	   compounds	   and	   the	   medications	   on	   sleep.	   Borbély	   and	   Neuhaus	  
(1979)	   published	   their	   findings	   on	   SD	   to	   provide	   a	   better	   understanding	   on	   the	   functional	  
significance	  of	  sleep.	  They	  used	  the	  conventional	  Fourier	  Transform	  to	  describe	  the	  changes	  in	  
the	   power	   density	   spectrum.	   This	   study	  was	   the	   pioneering	   SD	   study	   performed	  on	   animals.	  
More	   studies	   followed	   this	   paper	   and	   the	   key	   changes	   that	   were	   characterised	   are	   the	  
following:	  
-­‐	  In	  normal/physiological	  sleep,	  frequency	  distribution	  of	  the	  EEG	  power	  density	  during	  
wakefulness	  peaks	  between	  5-­‐15	  Hz,	  NREM	  peaks	  between	  0-­‐4.5	  Hz	  and	  REM	  peaks	  around	  8-­‐
15	  Hz	  in	  0.5	  Hz	  frequency	  bins	  (Borbély	  and	  Neuhaus,	  1979)	  and	  NREM	  sleep	  in	  EEG	  exhibits	  a	  
decreasing	   trend	   in	   the	   time	  course	  of	   sleep	  During	  SD,	   in	   the	  SWS	   frequency	  band	   (1-­‐5	  Hz),	  
there	  is	  an	  increase	  in	  the	  power	  spectrum	  (Borbély,	  Tobler	  and	  Hanagasioglu,	  1984).	  	  	  
-­‐	  The	  duration	  of	  SD	  has	  a	  significant	  effect	  on	  the	  spectral	  composition	  of	  the	  sleep.	  
Increased	   SWA	   occurs	   in	   almost	   all	   SD	   durations.	   Furthermore,	   increased	   numbers	   of	   NREM	  
and	   REM	   sleep	   episodes	   and	   total	   sleep	   durations	   were	   observed	   following	   prolonged	   SD	  
(Franken	  et	  al.,	  1991).	  	  
-­‐	  Presence	  of	   light	  during	  SD	  affects	   the	   recovery	  period.	  Recovery	   sleep	   followed	  by	  
the	  SD	  terminating	  before	   light	  onset	  occurs	  either	   in	  one-­‐stage	  where	  sleep	  compensated	   in	  
the	   following	   recovery	   period.	   If	   recovery	   sleep	   took	   place	   during	   the	   light	   period,	   SD	  
compensation	  was	   completed	  during	   this	   stage	  and	  no	   signs	  of	   compensation	  were	   found	   in	  
the	  following	  recovery	  sleep	  period	  (Tobler	  and	  Borbély,	  1990).	  
-­‐	  Percentage	  of	  sleep	  stages	  are	  increased	  by	  SD,	  but	  never	  at	  a	  statistically	  significant	  
level	   (Franken	   et	   al.,	   1991).	   Compensation	   usually	   occurs	   due	   to	   increased	   slow	  wave	   sleep	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(SWS)	  rather	  than	  overall	  increased	  number	  of	  sleep	  episodes.	  And	  also,	  SWS	  episodes	  found	  to	  
be	  increased	  even	  after	  SD	  was	  as	  short	  as	  3-­‐h	  (Franken	  et	  al.,	  1991;	  Tobler	  and	  Borbély,	  1990).	  
The	   only	   study	   which	   applied	   a	   symbolic	   dynamical	   analysis	   method	   to	   sleep	   deprivation	   in	  
rodents	  was	  published	  by	  Abasolo	  and	  the	  colleagues	  (2015).	  Local	  field	  potentials	  (LFP)	  were	  
recorded	  from	  male	  rats.	  Activated	  brain	  states	  i.e.,	  wake	  and	  REM	  sleep	  were	  characterised	  by	  
higher	  LZC	  values	  compared	  to	  NREM	  sleep.	  A	  significant	  reduction	  in	  the	  LZC	  values	  was	  seen	  
during	  NREM	  sleep	  after	  SD,	  particularly	  towards	  the	  end	  of	  sleep	  period.	  Compensation	  for	  SD	  
was	   reported	   with	   increased	   SWA	   during	   recovery	   sleep.	   This	   was	   thought	   to	   be	   caused	   by	  
homeostatic	  sleep	  pressure	  (Riedner	  et	  al.,	  2007)	  and	  Abasolo	  et	  al.	  (2015)	  were	  able	  to	  show	  
that	   with	   markedly	   lower	   LZC	   k-­‐means	   measures	   of	   NREM	   during	   recovery	   sleep	   period	  
associating	  this	  to	  the	  reflection	  of	  homeostatic	  pressure	  in	  the	  LFP	  signals.	  
There	   are	   other	   alterations	   and	  manipulations	  which	  might	   affect	   the	   normal	   sleep	   patterns	  
and	   brain	   functioning.	   There	   are	   numerous	   studies	   which	   used	   sleep	   EEGs	   to	   investigate	  
underlying	   mechanisms	   of	   the	   brain.	   Physiological	   alterations	   such	   as	   ageing	   and	   sex	  
differences	  were	  widely	  studied	  in	  cognition	  and	  memory	  consolidation	  to	  further	  describe	  the	  
changes	  caused	  by	  these	  alterations	  (Scullin	  and	  Bliswise,	  2015).	  These	  are	  detailed	  in	  the	  next	  
sub-­‐section.	  
2.2.2.   Sleep	  in	  Ageing	  and	  Sex	  Differences	  
Ageing	  is	  one	  of	  the	  most	  important	  influential	  physiological	  processes	  which	  affects	  sleep	  (Dijk,	  
2009).	   Brain	   activity	   changes	   due	   to	   the	   physiological	   changes	   happening	   in	   neuronal	   and	  
cellular	   level.	   These	   changes	   cause	   frequency-­‐specific	   changes	   in	   brain	   topography.	   Hence,	  
these	   changes	   are	   also	   reflected	   in	   the	   EEG	   recordings	   during	   wake	   and	   sleep	   (Borbély	   and	  
Achermann,	   1999;	   Landolt	   and	   Borbély,	   2001).	  Many	   studies	   reported	   these	   changes	   in	   the	  
lifespan	  of	  humans.	  Key	  findings	  of	  these	  studies	  are;	  
-­‐	  Total	  sleep	  time	  decreases	  with	  age	  (Carrier	  et	  al.,	  2017).	  
-­‐	   Sleep	   efficiency	   significantly	   decreases	   after	   age	   of	   60	   (Carrier	   et	   al.,	   2017).	   Sleep	  
latency	   (i.e.,	   the	   time	   spent	   before	   entering	   the	   NREM	   sleep	   stage	   1)	   increases	   with	   age,	  
middle-­‐aged	  group	  being	  the	  highest	  one	  (Ohayon	  et	  al.,	  2004).	  
-­‐	   NREM	   sleep	   characteristics	   as;	   slow	   wave	   sleep,	   spindle	   activity,	   SWA	   changes	  
significantly	  with	   age.	   Density	   and	   amplitude	   of	   slow	  wave	   sleep	   significantly	   decreases	  with	  
ageing	   whereas	   increased	   spindle	   activity	   occurs	   preponderantly	   in	   frontal	   brain	   region.	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However,	  spectral	  analysis	  revealed	  the	  EEG	  power	  in	  NREM	  sleep	  reduced	  due	  to	  ageing.	  This	  
reduction	  of	  power	  was	  not	  uniform	  but	  more	  affirmative	   in	  the	  anterior	  regions	  (Ohayon,	  et	  
al.,	   2004).	   Percentages	   of	  NREM	   stage	   1,	   2	   and	  wake	   after	   sleep	   onset	   significantly	   increase	  
with	  age.	  
-­‐	   Percentage	   of	   REM	   sleep	   and	   REM	   latency	   significantly	   decreases	   with	   age.	  
Significantly	  lower	  spectral	  power	  in	  low	  frequencies	  were	  reported	  during	  REM	  sleep	  in	  elderly	  
(Ohayon	  et	  al.,	  2004;	  Carrier	  et	  al.,	  2011).	  
Gender	   differences’	   effects	   on	   sleep	   EEG	   require	   more	   sophisticated	   statistical	   analysis.	  
Moreover,	  comprising	  more	  age	  groups	   in	  the	  studies	  brought	  age	  gender	   interactions	  to	  the	  
results	  obtained.	  	  
Dijk,	  Beersma	  and	  Bloem	  (1989)	  published	  one	  of	   the	   first	   studies	  conducted	   in	  young	  adults	  
looking	  at	   sex	  differences	   in	   the	  sleep	  EEG.	  13	  men	   (mean	  23.5	  years)	  and	  15	  women	   (mean	  
21.9	  years)	  were	  analysed.	  Sleep	  duration	  showed	  no	  significant	  differences	  between	  sex	  while	  
spectral	  analysis	  revealed	  in	  the	  0.25-­‐11	  Hz	  range	  that	  EEG	  power	  density	   in	  NREM	  sleep	  was	  
significantly	   higher	   in	   females	   than	  males.	   This	   significant	   difference	  was	   also	   found	   in	   REM	  
sleep	  episodes.	  Authors	  suggested	  that	  differences	  might	  be	  caused	  by	  the	  skull	  characteristics	  
rather	   than	   the	   regulatory	  mechanisms.	  Mourtazaev	  et	   al.	   (1995)	  published	   their	   findings	  on	  
the	  age	  and	  gender’s	  effect	  on	  SWS	  and	  came	  to	  a	  similar	  conclusion.	  Their	  study	  included	  40	  
females	   and	   34	   males	   in	   a	   wide	   age	   group	   starting	   from	   26-­‐101.	   NREM	   sleep	   parameters	  
(duration,	  total	  and	  maximum	  power	  etc.)	  were	  investigated	  in	  4	  age	  groups	  (26-­‐35,	  51-­‐60,	  66-­‐
75,	  85-­‐101)	  in	  two	  genders.	  NREM	  parameters	  significantly	  decreased	  with	  ageing	  compared	  to	  
26-­‐35	  age	  groups.	  Also,	  six	  VS	  and	  SWS	  power	  were	  significantly	  lower	  in	  males	  than	  females.	  
Interactions	   of	   age	   and	   gender	   showed	  weak	   correlations.	   However,	   in	   a	   single	   night’s	   data,	  
one-­‐way	   ANOVA	   revealed	   significant	   differences	   in	   age	   groups	   26-­‐35	   and	   66-­‐75	   of	   same	  
gender.	  	  
Rediehs,	  Reis	  and	  Creason	  (1990)	  reviewed	  27	  studies	  conducted	  in	  the	  United	  States	  between	  
1980	   -­‐	   1990.	   Total	   sleep	   time	   found	   to	   have	   no	   difference	   though	   a	   small	   size	   effect	   was	  
reported	   based	   on	   the	   six	   studies	   averaged.	   Time	   spent	   in	   bed	   had	   a	   small	   size	   effect	   with	  
longer	  time	  for	  males.	  Similar	  effect	  size	  was	  found	  for	  longer	  sleep	  latencies	  for	  females.	  This	  
was	  also	  reported	   in	  a	  more	  recent	  study	  by	  Luca	  et	  al.	   (2015)	   i.e.,	   increased	  sleep	   latency	   in	  
females	  with	  increasing	  age.	  Moderate	  size	  effects	  were	  found	  in	  VS	  percentages.	  NREM	  stages	  
1	   and	   2	   have	   inconclusive	   results	   for	   different	   studies.	   This	   was	   the	   case	   for	   REM	   sleep	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percentages	  too.	  No	  consistent	  patterns	  were	  found	  for	  sex	  differences.	  However,	  NREM	  stage	  
3	   had	   an	   average	   size	   effect	   with	   Reynolds	   et	   al.	   (1985)	   reported	   significant	   differences	   for	  
these	  VS	  whereas	  Carskadon,	  Brown	  and	  Dement	  (1982)	  did	  not.	  All	  in	  all,	  sex	  differences	  were	  
found	  to	  be	  affected	  by	  the	  population	  of	  the	  study	  which	  yields	  to	  increased	  objective	  changes	  
in	  males	  than	  females	  compared	  to	  the	  patterns	  of	  younger	  ages	  of	  these	  genders.	  
Another	  review	  by	  Redline	  et	  al.	  (2004)	  investigated	  effects	  of	  age,	  sex,	  ethnicity	  on	  the	  sleep	  
structure.	   2685	   participants	   in	   a	   wide	   age	   range	   between	   37-­‐92	   years.	   Age	   groups	   included	  
≤54,	  >54	  to	  ≤61,	  >61	  to	  ≤70	  and	  >70	  for	  men	  and	  women.	   In	  NREM	  stage	  1,	  a	  significant	  age	  
and	   gender	   interaction	   was	   observed.	   Men	   had	   increasing	   stage	   1	   with	   age	   and	   each	   age	  
groups	  of	  men	  had	  more	   stage	  1	   compared	   to	  women.	  Same	   trend	  was	  also	   found	   in	  NREM	  
stage	  2.	  Unlike	  stage	  1	  and	  2,	  stage	  3	  and	  4	  were	  significantly	  higher	  in	  women	  in	  all	  age	  groups	  
and	   compared	   to	   men.	   REM	   sleep	   percentages	   were	   significantly	   decreased	   with	   increasing	  
age.	  Age	  effects	  were	  not	  reported	  for	  males.	  Authors	  concluded	  that	  men	  slept	  lighter	  relative	  
to	  women	  and	  their	  sleep	  were	  more	  impaired	  with	  increasing	  age.	  
Armitage	  (1995)	  reported	  distributions	  of	  EEG	  frequencies	   in	  healthy	  young	  subjects.	  11	  male	  
(25.6	   ±	   4.2)	   and	   11	   female	   (24.8	   ±	   3.9)	   participated	   in	   the	   study.	   Activity	   and	   amplitude	  
measures	  of	  the	  EEG	  was	  analysed	  in	  both	  male	  and	  females.	  Beta	  activity	  and	  amplitude	  was	  
highest	  in	  NREM	  stage	  1.	  This	  activity	  found	  to	  have	  a	  decreasing	  yield	  in	  REM,	  NREM	  stage	  2	  
and	  SWS.	  EEG	  Delta	  activity	  and	  amplitude	  was	  highest	   in	  SWS.	  This	  activity	  was	   significantly	  
higher	  in	  REM	  sleep	  than	  NREM	  stage	  1.	  Sex	  differences	  were	  not	  found	  for	  different	  VS	  but	  the	  
power	  measure	  of	  delta	  activity	  in	  NREM	  was	  significantly	  higher	  in	  females	  which	  are	  a	  similar	  
finding	  in	  the	  sex	  differences	  studies	  in	  sleep	  EEG	  analysis.	  
Carrier	   et	   al.,	   (2001)	   studied	   the	   effects	   of	   ageing	   and	   gender	   on	   sleep	   EEG	   power	   spectra	  
within	   100	   subjects	   (47	   women,	   53	  men)	   in	   groups	   20-­‐39	   and	   40-­‐60	   years	   of	   age.	   Age	   was	  
found	  to	  significantly	  affect	  the	  EEG	  power	  spectra.	  SWA,	  theta	  and	  sigma	  activities	  decreased	  
with	   age.	   Also,	   the	   declining	   trend	   of	   NREM	   in	   frequency	   band	   1.25-­‐8	   Hz	   diminished	   with	  
increasing	   age.	   Moreover,	   power	   in	   band	   12.25-­‐14	   Hz	   decreased	   with	   ageing	   even	   though	  
ageing	  was	  associated	  with	  high	  power	   in	  beta	  activity.	  However,	  no	   interactions	  were	   found	  
between	   ageing	   and	   gender.	   Authors	   reported	   this	   as	   no	   differential	   influence	   of	   gender	   in	  
ageing.	   Similarly,	   Fukuda	   et	   al.	   (1999)	   also	   looked	   at	   gender	   differences	   in	  middle	   aged	   and	  
elderly	  subjects.	  8	  male	  and	  8	   female	  subjects	  aged	  54-­‐72	  were	  used	   in	   the	  study	  which	  was	  
relatively	   a	   smaller	   sample	   group	   compared	   to	   Carrier	   and	   her	   colleagues’	   study	   that	   could	  
create	  misleading	  statistical	  results.	  Fukuda	  reported	  no	  gender	  differences	  in	  sleep	  parameters	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such	  as	   total	  sleep	  time,	  sleep	  efficiency,	  percentages	  of	  VS,	  number	  of	  awakenings	  etc.	  Only	  
SWS,	  NREM	  stages	  3	  and	  4	  were	  found	  to	  be	  significantly	  higher	  in	  females	  with	  stage	  4	  being	  
absent	  in	  males.	  Particularly	  delta	  band	  power	  in	  0.5-­‐2	  Hz	  and	  2-­‐4	  Hz	  were	  looked	  at	  and	  found	  
to	  be	  significantly	  higher	   in	  females.	  This	  trend	  was	  found	  both	   in	  middle	  and	  elderly	  females	  
with	  ageing’s	  effect	  not	  mentioned	  in	  the	  study	  (Kobayashi	  et	  al.,	  1999).	  	  
Carrier	  et	  al.	  (2011)	  reported	  a	  more	  specific	  study	  of	  gender	  and	  ageing	  effects	  on	  slow	  wave	  
(SW)	  changes.	  EEGs	  of	  87	  healthy	  young	  (23.3	  ±	  2.4	  years)	  and	  middle	  aged	  (51.9	  ±	  4.6	  years)	  
volunteers	   were	   analysed.	   Results	   comprised	   lower	   SW	   density	   and	   amplitudes	   for	   older	  
subjects.	  More	   specifically,	  markedly	   lower	  SW	   in	  males	   than	   females	   in	   the	   same	  age	  group	  
and	   in	   the	  prefrontal	  and	   frontal	  brain	   regions.	   Shapes	  of	  SW	   (i.e.,	   slopes	   in	   the	  positive	  and	  
negative	  phases	  of	   the	  SW)	  were	  significantly	  different	   in	  age	  groups	  with	  middle-­‐age	  groups	  
having	   lower	  and	  longer	  slopes	   in	  SW.	  Age	  related	  effects	  on	  SW	  density	  and	  frequency	  were	  
also	   reported	   more	   prominently	   in	   the	   beginning	   of	   the	   night.	   Authors	   concluded	   the	   age-­‐
related	  changes	  of	  SW	  in	  association	  with	  the	  physiological	  changes	  in	  the	  brain	  specifically	  in	  
the	  synaptic	  density	  and	  white	  matter	  integrity.	  	  
2.3.   Sleep	  in	  Pharmacology	  
In	  addition	  to	  the	  physiological	  alterations,	  there	  are	  other	  manipulations	  which	  may	  influence	  
the	   brain	   activity	   during	   sleep.	   The	   most	   important	   of	   these	   manipulations	   are	   drug	   usage.	  
Pharmacological	  compounds	  are	  widely	  used	  in	  treating	  various	  diseases	  including	  neurological	  
(e.g.,	   epilepsy,	   anxiety,	   depression)	   and	   sleep	   disorders	   (e.g.,	   insomnia,	   narcolepsy)	   which	  
influence	   brain	   activity	   and	   functioning.	   In	   section	   2.1.,	   the	   underlying	   mechanisms	   which	  
regulate	   sleep	   and	   wake	   were	   described.	   Following	   these	   descriptions,	   effects	   of	   GABA	  
receptor	  acting	  drugs	  and	  melatonin	  will	  be	  detailed	  in	  the	  next	  sub-­‐sections.	  
2.3.1.   Effects	  of	  GABA	  Receptor	  Drugs	  
Gamma-­‐aminobutyric	   acid	   (GABA)	   is	   a	  major	  neurotransmitter	  of	   the	   central	   nervous	   system	  
(Wisnky-­‐Sommerer,	  2009).	  	  A	  wide	  range	  of	  drugs	  have	  been	  studied	  to	  further	  understand	  the	  
effects	  of	  these	  compounds	  on	  GABA	  mechanisms,	  these	  include	  drugs	  tiagabine,	  temazepam	  
and	   zolpidem	   (Bianchi,	   2011).	   Tiagabine	   was	   classified	   as	   a	   tonic	   inhibition	  modulating	   drug	  
(Winsky-­‐Sommerer,	   2009).	   It	   was	   characterised	   as	   an	   exogenous	   modulator	   of	   GABAA	   tonic	  
conductance	  and	  potentially	  a	  hypnotic	  drug.	  It	  is	  a	  GABAA	  reuptake	  inhibitor	  which	  promotes	  
uptake	  of	  neurotransmitter	   into	   the	  pre-­‐synaptic	  neuron	   from	  the	  synapse	  and	   increases	   the	  
neurotransmission.	  Initially	  this	  drug	  was	  used	  widely	  in	  treating	  epilepsy	  (Oakley	  et	  al.,	  2013),	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anxiety	  (Schaller,	  Thomas	  and	  Rawlings,	  2004).	  However,	  the	  effects	  of	  the	  drug	  on	  sleep	  were	  
found	   to	   be	   similar	   to	   the	   selective	   GABAA	   agonists.	   These	   include;	   increased	   EEG	   power	  
density	   for	   frequencies	   <10Hz	   in	   NREM	   sleep	   (Mathias	   et	   al,	   2001b)	   and	   increased	   sleep	  
continuity	  and	  time	  spent	  in	  SWA	  NREM	  led	  to	  its	  research	  into	  sleep	  and	  insomnia	  treatment	  
in	  humans	  (Mathias	  et	  al,	  2001b;	  Walsh	  et	  al.,	  2005,	  2006a,b;	  Roth	  et	  al.,	  2006;	  Bateson,	  2006)	  
and	  mice	  (Hasan	  et	  al.,	  2011;	  2012).	  	  
Lancel,	  Faulhaber	  and	  Deisz	  (1998)	  conducted	  a	  study	  in	  rats	  where	  they	  studied	  the	  effects	  of	  
two	  different	  doses	  of	  tiagabine	  on	  the	  EEG	  power	  spectra.	  Tiagabine	  had	  minimal	  effects	  on	  
the	  temporal	  features	  of	  NREM	  sleep	  and	  total	  time	  spent	  in	  sleep.	  However,	  a	  dose	  dependent	  
elevation	   of	   EEG	   power	  was	   also	   found	   specifically	   in	   NREM	   sleep	   for	   the	   1-­‐8	   Hz	   frequency	  
range.	   Similarly,	   10	   mg	   tiagabine	   induced	   high	   synchronised	   waves	   in	   the	   waking	   EEG	   and	  
supressed	  REM	  sleep.	  Times	  spent	  in	  either	  of	  these	  VS	  were	  not	  found	  to	  be	  affected	  by	  drug	  
administration.	  	  
Synthetic	  sleeping	  pills	  have	  been	  commercially	  available	  for	  over	  100	  years.	  Herbal	  mixtures,	  
salves,	  poultices	  were	  used	  in	  treatment	  of	  sleep	  disorder	  and	  in	  anaesthesia.	  Alcohol	  was	  an	  
available	  agent	  as	  well	  as	  opium	  and	  hashish.	  At	  the	  beginning	  of	  this	  century	  barbiturates	  were	  
used	   as	   sleeping	   pills	   (Marcel,	   1999).	   They	   were	   effective	   and	   reliable	   at	   the	   time	   for	   sleep	  
disorder	  treatments	  however,	  their	  high	  toxicity	  led	  to	  research	  into	  different	  drug	  compounds	  
in	  sleep	  pharmacology.	  Benzodiazepines	  were	  a	  product	  of	  this	  yield	  in	  the	  field	  (Lader,	  1992).	  
They	   were	   found	   to	   be	   less	   toxic	   than	   barbiturates.	   They	   enhance	   the	   inhibitory	   action	   of	  
GABA,	   therefore	   found	  to	  be	  effective	   in	  sleep	  disorder	   treatments	  as	   the	  compound	  did	  not	  
change	  the	  sleep	  dynamics	  but	  only	   the	  EEG	  activity	   (Walsh	  and	  Engelhardt,	  1992).	  Signature	  
benzodiazepine	   effects	   on	   sleep	   EEG	   were	   reported	   as;	   unaffected	   NREM-­‐REM	   cycles,	  
enhanced	   spindle	   activity	   in	  NREM	   (11.25-­‐13	  Hz)	   primarily	   at	   the	   beginning	   of	   the	   night	   and	  
attenuated	  SWA	   (0.75-­‐4.5	  Hz)	   i.e.,	   reduction	   in	  delta	   activity	   (Achermann	  and	  Borbely,	   1987;	  
Borberly	   and	   Achermann,	   1991).	   Temazepam	   is	   a	   medium-­‐acting	   benzodiazepine	   which	   has	  
similar	   effects	   on	   sleep	   as	   other	   benzodiazepine	   compounds.	   Dijk	   et	   al.	   (1989)	   studied	   the	  
effects	  of	  a	  5-­‐HT2	  antagonist	  against	  temazepam	  and	  sleep	  deprivation.	  They	  have	  used	  sleep	  
deprivation	   to	  non-­‐pharmacologically	  manipulate	   the	   slow	  wave	   sleep.	  During	   recovery	   sleep	  
after	  placebo	  administration,	  sleep	  latency,	  REM	  and	  stage	  2	  durations	  were	  reduced	  and	  SWS	  
was	   enhanced.	   Compared	   to	   placebo	   recovery,	   further	   reductions	   in	   NREM	   sleep	   and	   REM	  
sleep	   latencies	   were	   observed.	   Moreover,	   percentage	   of	   stage	   4	   was	   significantly	   lower	   in	  
placebo	  suggesting	  an	  increased	  SWA	  and	  sleep	  compensation	  promoting	  features	  of	  the	  drug.	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Zolpidem	   is	   also	   a	   GABA	   acting,	   non-­‐benzodiazepine	   agonist	   type	   compound	   which	   was	  
introduced	   in	   the	   1980s	   (Lader,	   1992).	   Effects	   of	   the	   drug	   were	   reported	   in	   several	   studies	  
which	  are;	  shortened	  sleep	  onset	  latency	  and	  decreased	  REM	  sleep	  and	  REM	  latency	  in	  young	  
men	  (Lund	  et	  al.,	  1988)	  however	  controversial	  effects	  on	  NREM	  sleep	  for	  different	  age	  groups	  
were	  reported.	  In	  young	  men,	  time	  spent	  in	  NREM	  was	  not	  affected	  along	  with	  total	  sleep	  time	  
and	   number	   of	   awakenings	   remained	   unchanged	   (Brunner	   et	   al.,	   1991).	   Nevertheless,	   in	  
middle-­‐aged	   group	   similar	   doses	   of	   zolpidem	   reduced	   sleep	   latency,	   number	   of	   awakening,	  
NREM	   stage	   1	   and	   REM	   sleep	   while	   increased	   total	   sleep	   time,	   stage	   2	   and	   REM	   latency	  
(Nicholson	   and	   Pascoe,	   1988a;b).	   Dijk	   et	   al.	   (2010)	   reported	   sex	   differences	   and	   effects	   of	  
gaboxadol	   (GBX)	   and	   zolpidem	  on	   EEG.	  GBX	   enhanced	   power	   density	   in	   delta	   activity	   during	  
NREM	   and	   the	   increase	  was	  markedly	   different	   in	  men	   and	  women.	   Zolpidem,	   on	   the	   other	  
hand,	  decreased	  delta	  and	  theta	  activity	  and	  increased	  spindle	  activity;	  however,	  these	  changes	  
were	   not	   affected	   by	   sex	   differences.	   They	   concluded	   this	   interaction	   as,	   even	   though	   both	  
drugs	   interacted	   with	   GABAA	   receptors,	   different	   drugs	   had	   different	   selectivity	   for	   subtype	  
receptors.	  Therefore,	  depending	  on	  the	  generality	  of	  the	  subunits,	  these	  compounds	  localised	  
in	  different	  parts	  of	  brain	  regions	  and	  created	  unique	  spectral	  profiles.	  
2.3.2.   Effects	  of	  Melatonin	  
Melatonin	  is	  a	  chronobiotic	  as	  it	  is	  synthesised	  from	  serotonin	  in	  the	  pineal	  gland	  and	  circulates	  
in	  the	  blood	  (Bianchi,	  2011).	   It	  can	  influence	  the	  synchronisation	  of	  circadian	  rhythms	  both	  in	  
humans	  and	  animals.	  Therefore,	  reduction	  of	  plasma	  melatonin	  levels	  may	  cause	  variations	  in	  
sleep	  propensity	  and	  sleep	  disorders	  (Rajaratnam,	  et	  al.,	  2004).	  In	  humans,	  external	  melatonin	  
intake	  was	  found	  to	  promote	  early	  sleep	  onset	  and	  longer	  sleep	  duration	  (Arrigoni	  and	  Fuller,	  
2011).	   Dijk	   et	   al.	   (1997)	   reported	   an	   association	   between	   plasma	   melatonin	   with	   circadian	  
rhythms	  due	  to	  significant	  dissimilarities	  in	  NREM	  and	  REM	  activity	  in	  the	  EEG	  compared	  to	  SD.	  
This	  was	  concluded	  as	  melatonin’s	  direct	  link	  in	  sleep	  consolidation.	  This	  was	  also	  reported	  by	  
Rajaratnam	   et	   al.	   (2004)	   in	   a	   study	   conducted	   on	   8	   healthy	   young	  males	   (24.4	   ±	   4.4	   years).	  
Melatonin	   treatment	   did	   not	   affect	   REM	   sleep	   percentage,	   increased	   spindle	   activity	   and	  
decreased	   SWA	   in	   NREM	   sleep	   without	   significantly	   affecting	   the	   total	   sleep	   time.	   Authors	  
demonstrated	  robust	  direct	  effects	  of	  melatonin	  in	  sleep	  and	  circadian	  rhythm.	  
Arbon	   et	   al.	   (2015)	   published	   a	   paper	   which	   looked	   at	   the	   effects	   of	   prolonged-­‐release	  
melatonin,	   temazepam	   and	   zolpidem.	   The	   EEG	   power	   spectrum	   of	   SWS	   was	   compared	  
between	  prolonged-­‐release	  melatonin	  and	  temazepam,	  zolpidem	  and	  placebo.	  Significant	  EEG	  
power	   differences	   in	   treatment	   and	   frequency	   were	   observed	   however,	   no	   interactions	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between	   treatment	   and	   frequency	   was	   found.	   Power	   density	   was	   significantly	   higher	   in	  
melatonin	   than	   in	   temazepam	   administration.	   Moreover,	   temazepam	   significantly	   reduced	  
SWA	  compared	  to	  zolpidem	  and	  placebo.	  Zolpidem	  decreased	  activity	  in	  the	  1.25-­‐5.0	  Hz	  range	  
compared	  to	  placebo.	  When	  the	  total	  power	  densities	  across	  thirds	  of	  whole	  night’s	  sleep	  were	  
compared,	  even	  though	  treatment	  and	  frequency	  interactions	  were	  not	  significant,	  temazepam	  
had	   the	   greatest	   effect	   on	   lower	   frequencies	   and	  melatonin	   caused	   a	   small	   decrease	   in	   the	  
SWA	  in	  the	  first	  third	  of	  the	  night.	  Zolpidem	  showed	  similar	  effects	  as	  temazepam.	  
Even	   though	   spectral	   analyses	   results	   were	   detailed	   and	   described	   in	   Section	   2.2,	   there	   are	  
numerous	  studies	  which	  applied	  non-­‐linear	  analysis	  methods	  to	  sleep	  EEGs.	  Majority	  of	  these	  
studies	  reported	  results	  of	  human	  sleep	  EEG	  and	  these	  will	  be	  detailed	  in	  the	  next	  sub-­‐sections.	  	  
2.4.   Symbolic	  Dynamic	  Analysis	  Methods	  
Symbolic	  dynamical	   analysis	   investigates	  a	   continuous	   system	   in	  discrete	   time	  dynamics.	   This	  
takes	   a	   finite	   number	   of	   state	   spaces	   and	   partitions	   and	   labels	   them	   with	   certain	   symbols	  
(Keller	   and	   Lauffer,	   2003).	   This	   process	   provides	   a	   new	   sequence	   of	   symbols.	   Because	   the	  
technique	   involves	   transformation	  of	   continuous	   values	   to	   discrete	   values,	   some	   information	  
loss	   is	   inevitable.	  However,	   if	  a	  good	  correspondence	  between	  continuous	  states	  and	  symbol	  
sequences	   is	   achieved,	   the	   symbolic	   dynamics	   is	   almost	   equivalent	   to	   the	   original	   dynamics	  
(Abbott,	  1995;	  Daw,	  Finney	  and	  Tracy,	  2003).	  Even	  though	  symbolic	  dynamics	  analysis	  is	  more	  
suited	   to	   stochastic	   systems,	   it	   can	   be	   used	   in	   sufficiently	   chaotic	   deterministic	   dynamics	   as	  
well.	  This	  ensures	   the	  analysis	  of	  any	  possible	  deterministic	  components	  of	  a	  chaotic	   system.	  
Since	   EEG	   signals	   contain	   intrinsic	   nonlinearity	   as	   well	   as	   non-­‐stationarity,	   they	   can	   be	   as	  
chaotic	  and,	  the	  usage	  of	  symbolic	  sequence	  analysis	  is	  thus,	  well	  suited	  in	  EEG	  signal	  analysis	  
(Goldberg,	  Peng	  and	  Lipsitz,	  2002;	  Stam,	  2005).	  
Symbolic	  sequence	  decomposition	  is	  a	  method	  which	  is	  used	  to	  discretise	  raw	  time	  series	  into	  
symbolic	   time	  series	   (Figure	  2.2).	  Therefore,	   this	  approach	  provides	  an	  advantage	   in	   terms	  of	  
creating	  numerical	  computations	  due	  to	  the	  binary	  representation	  (i.e.,	  0s	  and	  1s	  in	  the	  symbol	  
series)	  of	  the	  time	  series	  (Lettellier,	  2006).	  The	  first	  step	  of	  symbolic	  sequence	  decomposition	  is	  
defining	  symbols.	  They	  are	  created	  as	  a	  result	  of	  the	  partitioning	  of	  the	  original	  data	  into	  finite	  
number	   of	   regions.	   	   Each	   region	   is	   associated	   with	   a	   unique	   symbol	   and	   these	   symbols	   are	  
involved	   in	  creating	  another	  series	  of	  data,	  called	  the	  symbol	  series,	  out	  of	  the	  original	  series	  
depending	  on	  the	  region	  which	  the	  original	  value	  falls	  (Daw,	  Finney	  and	  Tracy,	  2003).	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Figure	  2.2.	  Illustration	  of	  creating	  symbol	  series	  using	  symbolic	  decomposition	  method.	  (a)	  Symbolisation	  
process,	  symbol	  series	  were	  formed	  using	  a	  partition	  value	  and	  assigned	  to	  ‘0’	  if	  the	  sample	  is	  less	  than	  
the	  threshold	  value	  or	  assigned	  to	  ‘1’	  otherwise.	  (b)	  Table	  of	  the	  symbol	  sequence,	  counts	  of	  different	  
code	  series	  within	  the	  symbol	  series	  (Daw,	  Finney	  and	  Tracey	  (2003)9.	  
There	  are	  several	  partitioning	  methods	  which	  track	  different	  types	  of	  changes	  in	  the	  data.	  For	  
instance,	   at	   fixed	   partitioning	   energy	   change	   in	   the	   signal	   is	   tracked	   by	   amplitude	   changes	  
whereas	  at	  adaptive	  partitioning	   instant	  singularity	  change	   is	   tracked	  by	   instant	  events	   in	   the	  
data	  (Thakor	  and	  Tong,	  2004).	  For	  fixed	  partitioning,	  K-­‐means	  value,	  mean	  value,	  median	  value	  
or	  mid-­‐point	  of	  the	  data	  are	  determined	  and	  used	  as	  a	  threshold	  value	  for	  partitioning	  (Thakor	  
and	  Tong,	  2004).	  K-­‐means	  technique	  uses	  the	  mean	  value	  of	  the	  data	  points	  within	  a	  selected	  
window	  length.	  Two	  centroid	  values	  were	  created	  as	  a	  function	  of	  quantity	  of	  centre.	  Threshold	  
value	  can	  then	  be	  calculated	  depending	  on	  the	  data	  points’	  distances	   from	  the	  centre.	   In	  the	  
mean	  value	  technique,	  the	  average	  value	   is	  subtracted	  from	  each	  data	  point	  and	  peak	  values	  
(Vp-­‐positive	  peak	  value,	  Vn-­‐negative	  peak	  value)	  are	  determined.	  If	  the	  data	  are	  between	  0	  and	  
10%	  of	  peak	  the	  values,	  negative	  and	  positive	  values	  are	  counted	  and	  used	  when	  determining	  
the	  threshold	  value.	  In	  the	  median	  value	  technique,	  the	  median	  value	  is	  statistically	  calculated	  
and	  used	  as	  the	  threshold	  value.	  The	  mid-­‐point	  method	  only	  uses	  the	  peak	  values	  to	  calculate	  
the	  threshold	  value,	  which	  is	  the	  average	  of	  these	  two	  peak	  values	  (Tong	  and	  Thakor,	  2009).	  In	  
most	   cases,	   symbolic	   sequence	   decomposition	   method	   is	   used	   in	   conjunction	   with	   another	  
non-­‐linear	  method	  to	  describe	  complexity	  of	  the	  data	  set.	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2.4.1.   Lempel-­‐Ziv	  Complexity	  
LZC	  is	  a	  symbolic	  dynamical	  analysis	  method	  which	  was	  introduced	  by	  Lempel	  and	  Ziv	  in	  1976.	  
Lempel	  and	  Ziv	  used	  the	  Kolmogorov	  (1965)	  complexity	  concept	   i.e.,	  smallest	  binary	  program	  
that	  can	  reproduce	  an	  information	  contained	  sequence.	  Lempel	  and	  Ziv	  replaced	  this	  concept	  
of	   program	  with	   reproduction	   and	   production	   of	   smaller	   sequences	  within	   the	   discrete	   time	  
series.	   A	   simpler	   description	   of	   the	   algorithm	   was	   given	   by	   Aboy	   et	   al.	   (2006).	   Authors	  
described	   the	  method	   as	   follows:	   the	   signals	   were	   converted	   into	   finite	   symbol	   series	   using	  
symbolic	   sequence	  decomposition.	   The	  median	   value	  was	  used	  as	   the	   threshold	   value	   for	   its	  
strength	  with	  outlier	  values	  present	  in	  the	  time	  series	  (Lempel	  and	  Ziv,	  1976;	  Aboy	  et	  al.,	  2006).	  
Symbol	  series	  were	  reconstructed	  into	  sub-­‐series	  and	  the	  occurrence	  of	  these	  sub-­‐series	  within	  
symbol	  series	  generated	  a	  measure	  of	  complexity	  of	  the	  symbol	  series.	   In	  addition	  to	  being	  a	  
complexity	   indicator,	   LZ	   complexity	   studies	   described	   the	   dynamics	   of	   the	   signal	   i.e.	   results	  
obtained	   from	   this	  method	   usually	   contain	   general	   information	   about	   the	   complexity	   of	   the	  
process	  when	  signals	  were	  generated	  (Stepien,	  2011).	  This	  was	  found	  to	  be	  accurate	  with	  short	  
data	  sets	  (Abasolo	  et	  al,	  2006),	  which	  was	  reported	  as	  a	  superiority	  for	  this	  method	  in	  biological	  
signal	  processing.	  	  
The	  use	  of	  LZC	  as	  a	  metric	  of	  complexity	  in	  sleep	  studies	  is	  quite	  recent.	  Abasolo	  et	  al.	  (2013)	  
assessed	   LZC	   values	   of	   different	   vigilance	   states	   which	   were	   obtained	   from	   two	   different	  
coarse-­‐graining	   techniques.	   They	   validated	   their	   results	   with	   surrogate	   data	   testing.	   Any	  
statistical	  difference	  on	   the	  coarse-­‐graining	   technique’s	  effect	  on	   the	  LZC	  measures	  were	  not	  
stated	  but	   significant	  differences	  between	  NREM	  and	  other	  vigilance	   states	   (i.e.,	  wakefulness	  
and	   REM	   sleep)	  were	   found.	   Their	   hypothesis	   on	   the	   state-­‐dependence	   of	   the	   signal	   due	   to	  
cortical	  activities	  of	  different	  vigilance	  states	  were	  supported	  with	  their	  results	  i.e.	  NREM	  sleep	  
being	   a	   state	   characterised	   by	   reduced	   consciousness,	  whereas	  waking	   and	   REM	   sleep	  were	  
prone	  to	  environmental	  inputs.	  They	  concluded	  the	  study	  as	  LZC’s	  usefulness	  in	  analysing	  sleep	  
compared	   to	   that	   conventional	   spectral	   analysis	   in	   terms	   of	   providing	   information	   about	   the	  
signals	   of	   inherently	   different	   processes	   e.g.	   age,	   gender,	   ethnic	   origin,	   pharmacological	  
treatment.	  	  	  
Other	   review	   papers	   on	   the	   LZC	   suggest	   similar	   results	   (Abasolo	   et	   al.,	   2013).	   First	   of	   these	  
common	  findings	  is	  symbolic	  dynamical	  analysis	  is	  a	  fast	  processing	  method	  because	  it	  ensures	  
fast	  numerical	  calculations.	  Additionally,	   its	  coarse-­‐graining	  step	  is	  robust	  to	  the	  outlier	  values	  
within	   the	   time-­‐series.	  Moreover,	   it	  provides	  valuable	   information	  about	   local	  events	   such	  as	  
state-­‐dependent	   occurrences	   along	   the	   process	   and	   how	   the	   time-­‐series	   of	   interest	   is	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generated	  since	  it	  is	  reliable	  with	  short	  data	  sets	  (Abàsolo	  et	  al.,	  2006;	  Amigo	  et	  al.,	  2004;	  Hu,	  
Gao	  and	  Principe,	  2006;	  Szczepànski	  et	  al.,	  2004;	  Nagarajan,	  2002;	  Nagarajan,	  Szczepànski	  and	  
Wajnryb,	  2008;	  Zozor,	  Ravier	  and	  Buttelli,	  2005).	  
However,	  LZC	  has	  issues	  with	  the	  number	  of	  symbols	  used	  in	  the	  symbolisation.	  This	  has	  been	  
pointed	   out	   in	   two	   different	   papers	   (Azami	   and	   Escudero,	   2016;	   Ibanez-­‐Molina	   et	   al.,	   2015).	  
Particularly	  if	  a	  subset	  of	  a	  signal	  has	  large	  amplitude,	  within	  this	  subset,	  some	  fast	  frequency	  
components	   might	   be	   lost	   due	   to	   same	   symbols	   assignment.	   Therefore,	   symbolic	   dynamic	  
analysis	  methods	   such	  as	  PE	  or	  PLZC,	  which	  consider	   the	  order	  of	   the	  data	  points	  within	   the	  
subsets	  of	  a	  signal,	  might	  reveal	  more	   information	  about	  the	  underlying	  dynamics	  of	  a	  signal.	  
This	   is	  due	  to	  the	  symbolisation	  process	  of	  the	  technique	  which	  is	  based	  on	  the	  order	  of	  data	  
points	  (i.e.,	  values	  of	  the	  neighbouring	  data	  points	  within	  a	  subset	  defines	  the	  symbol	  patterns)	  
which	   ensures	   better	   representation	   of	   the	   signal	   by	   considering	   multiple	   patterns	   (Keller,	  
Unakova	  and	  Keller,	  2015;	  Ibanez-­‐Molina	  et	  al.,	  2015).	  These	  techniques	  will	  be	  detailed	  in	  the	  
next	  sections.	  
2.4.2.   Permutation	  Entropy	  
PE	  was	  first	   introduced	  by	  Bandt	  and	  Pompe	  (2002).	  Over	  the	   last	  15	  years,	   it	  was	  applied	  to	  
various	  biological	  signals	  including	  cardiac	  (Frank	  et	  al.,	  2006;	  Bian	  et	  al.,	  2012),	  epileptic	  brain	  
signals	   (Bruzzo	   et	   al.,	   2008;	   Ferlazzo	   et	   al.,	   2014;	   Li	   et	   al.,	   2014)	   and	   brain	   signals	   under	  
anaesthesia	   (Olofesen,	   Sleigh	   and	   Dahan,	   2008;	   Li	   et	   al.,	   2010;	   Liang	   et	   al.,	   2015)	   .	  Many	   of	  
these	  studies	  dealt	  with	  optimal	  parameter	  selection	  for	  analyses.	  There	  are	  number	  of	  studies	  
with	  suggestions	  as	  to	  selecting	  input	  parameters	   i.e.,	  embedding	  dimension	  and	  delay	  (Zanin	  
et	   al.,	   2012;	   Riedl,	   Muller	   and	   Wessel,	   2013).	   However,	   no	   consensus	   on	   the	   optimal	  
parameters	   for	   EEG	   in	   general,	   and	   specifically	   for	   sleep	   analysis,	  was	   reached.	   Riedl,	  Muller	  
and	  Wessel	   (2013)	  proposed	  a	  method	   to	  choose	  optimum	  PE	  parameters.	  PE	   results	  graphs	  
for	  different	  combinations	  of	  τ	  (i.e.,	  delay)	  and	  m	  (i.e.,	  embedding	  dimension)	  must	  be	  created	  
and	   the	   values	  where	   the	  PE	   results	   saturated	   should	  be	  neglected	   in	   the	  analyses.	   This	  was	  
also	  discussed	  by	  Popov,	  Avilov	  and	  Kanaykin	   (2013).	  Time	   lags	  1-­‐100	  were	   tried	  on	  different	  
orders	   (embedded	  dimensions,	   also	   termed	  as	   embedded	   vector	   length)	   from	  2-­‐8.	   PE	   values	  
saturated	  for	  larger	  time	  lags.	  Authors	  associated	  this	  phenomenon	  to	  the	  sparse	  EEG	  patterns	  
behaving	  like	  a	  stochastic	  process.	  Keller,	  Unakafov	  and	  Unakafova	  (2014)	  suggested	  the	  same.	  
They	   suggested	   the	   use	   of	   larger	   time	   lags	   (if	   possible),	   however	   the	   interpretation	   of	   the	  
results	  might	   not	   be	   an	   indication	   of	   the	   change	   of	   complexity	   but	   a	   consequence	   of	   down	  
sampling	  the	  original	  time	  series.	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The	  choice	  of	  vector	  dimension	  is	  simpler	  compared	  to	  the	  selection	  of	  time	  lag.	  The	  larger	  the	  
m	  is,	  the	  better	  the	  estimation	  of	  regularity	  is	  (Unakafova	  and	  Keller,	  2015).	  On	  the	  other	  hand,	  
large	  m	  might	   lead	   to	   underestimation	   of	   the	   complexity.	   This	  might	   be	   caused	   due	   to	   time	  
series’	   length	  affecting	  the	  ordinal	  pattern	  occurrences.	  Therefore,	  the	  first	  assumption	  made	  
by	  Bandt	  and	  Pompe	  remained	  almost	  the	  same	  about	  selection	  process	  of	  embedded	  vector	  
dimension	  (i.e.,	   length	  of	   time	  series	  most	  be	   larger	  than	  m!).	   In	  almost	  all	   studies	  which	  use	  
PE,	  this	  parameter	  was	  chosen	  according	  to	  the	  time	  series	  of	   interest	  and	  empirically	  for	  the	  
largest	  significant	  results	  obtained	  (Bruzzo	  et	  al.,	  2008;	  Unakafova	  and	  Keller,	  2015).	  	  	  
PE	  has	  been	  applied	   to	   sleep	  EEG	  signals	   in	   limited	  number	  of	   studies.	  Nicolaou	  and	  Georgiu	  
(2011)	  were	  the	  first	  researchers	  who	  attempted	  to	  characterise	  the	  EEG	  in	  sleep.	  EEG	  data	  of	  
16	  subjects	  were	  used	   in	   the	  analysis	  with	  11	  EEGs	  were	  recorded	   from	  C3,	  4	   from	  C4	  and	  1	  
from	   O2.	   Bandt	   and	   Pompe’s	   algorithm	   was	   used	   with	   embedded	   vector	   dimension	   (m)	  
equalled	  to	  6	  and	  delay	  (τ)	  was	  1.	  Multiple	  comparison	  one-­‐way	  ANOVA	  performed	  on	  the	  PE	  
results	  of	  different	  VS	  revealed	  significant	  differences.	  The	  highest	  PE	  results	  were	  calculated	  in	  
wake	  state	  and	  lowest	  for	  NREM	  stage	  3.	  PE	  in	  REM	  sleep	  was	  lower	  than	  wake	  and	  stage	  1	  but	  
higher	   than	   NREM	   sleep	   stage	   3	   and	   4.	   Even	   though	   the	   number	   of	   subjects	   used	   in	   the	  
analyses	   for	   spatial	   analyses	   (i.e.,	   differences	   in	   the	   PE	   results	   of	   different	   electrodes)	   were	  
small	   for	   statistical	   power,	   multiple	   comparisons	   of	   C3-­‐C4,	   C3-­‐O2,	   C4-­‐O2	   and	   C3-­‐C4-­‐O2	  
comparisons	  were	  performed.	  All	  one-­‐way	  ANOVA	  F-­‐Test	  analyses	  were	  found	  to	  be	  significant	  
with	  O2	  markedly	  the	  highest	  and	  C3	  the	   lowest.	  Authors	  pointed	  methods’	  possible	  usability	  
as	  an	  automated	  sleep	  scoring	  algorithm.	  This	  feature	  of	  the	  methods	  was	  also	  studied	  by	  Kuo	  
and	   Liang	   (2011).	   They	   used	  multiscale	   permutation	   entropy	   (MPE)	  measures	   for	   automated	  
sleep	  staging.	  MPE	  is	  an	  average	  measure	  of	  PE	  values	  over	  the	  number	  of	  scales	  used	  in	  the	  
algorithm.	  They	  compared	  single	  scale	  PE	  to	  MPE	  from	  20	  subjects	  (10	  training,	  10	  testing).	   It	  
was	   reported	   for	  an	  automated	   single	   scale	  PE	  algorithm,	   sensitivity	  was	  approximately	  40%.	  
Single	  scale	  PE	  was	  better	  at	  distinguishing	  SWS,	  however	  for	  other	  VS,	  sensitivity	  of	  MPE	  was	  
80%.	  
2.4.3.   Permutation	  Lempel-­‐Ziv	  Complexity	  	  
PLZC	  is	  a	  deterministic	  analytical	  method	  which	  was	  very	  recently	  proposed	  by	  Zozor,	  Mateos	  
and	  Lamberti	   (2014)	  as	  Lempel-­‐Ziv	  permutation	  complexity	   (LZPC).	  The	  method	  was	  called	  as	  
PLZC	   by	   Bai,	   Liang	   and	   Li	   (2015).	   Both	   methods	   essentially	   combine	   permutation	   entropy	  
patterns	  to	  detect	   local	   increases	  and	  decreases	  within	  the	  embedded	  vector	  and,	  Lempel-­‐Ziv	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algorithm	   to	   compute	   discrete	   alphabets’	   (i.e.,	   symbols	   of	   the	   permutation	   series)	   temporal	  
organization.	  	  	  	  
Zozor,	  Mateos	  and	  Lamberti	   (2014)	  discussed	  and	   reported	  advantages	  and	  disadvantages	  of	  
LZC	  and	  PE	  directing	  reader	  to	  the	  rationale	  behind	  LZPC.	  Authors	  illustrated	  the	  differences	  of	  
the	  methods	   in	   synthetic	   and	   real	   data.	   Logistic	  map	  was	   used	   to	   characterise	   the	  methods’	  
response	   to	   a	   well	   know	   synthetic	   signal.	   In	   a	   nutshell,	   the	   formula	   for	   the	   logistic	   map	   is	  
(Alligood,	  Sauer	  and	  Yorke,	  1996)	  given	  in	  Equation	  1.	  
Xt+1	  =	  k	  Xt 1	  -­‐	  Xt ,	  t	  ≥	  0,	  k	  ∈	  (0:4],	  	   	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (1)	  
where	  the	  increment	  of	  k	  creates	  asymptotic	  output	  which	  forms	  bifurcations.	  Bifurcations	  are	  
randomly	  behaving	  deterministic	   systems	   that	   start	  off	   stable	  non-­‐chaotic	   systems	  and	   reach	  
high	  chaotic	  regions.	  Authors	  reported	  that	  the	  bifurcations	  were	  not	  detected	  in	  high	  chaotic	  
regions	  with	  LZC	  but	  detected	  with	  PE	  and	  LZPC.	  Even	  for	  low	  dimension	  (i.e.,	  d	  =	  3	  which	  was	  
denoted	   as	  m	  within	   this	   subsection),	   methods	   were	   able	   to	   detect	   the	   inherent	   oscillatory	  
behaviour.	  All	  methods	  resulted	   in	   low	  measures	  for	  non-­‐chaotic	  regions	  and	  high	  for	  chaotic	  
regimes.	   The	   real	   data	   applications	   of	   these	   methods	   were	   an	   epilepsy	   EEG	   data	   which	  
comprised	  4	  seizure	  episodes.	  LZC	  was	  not	  able	  to	  detect	  any	  change	  in	  the	  data,	  however	  PE	  
(d	  =	  4,	  τ	  =	  1)	  and	  LPZC	  (d	  =	  4,	  τ	  =	  1)	  were	  able	  to	  detect	  all	  visible	  seizures	  in	  the	  data	  series.	  
Authors	  concluded	  these	  detections	  as	  characterisations	  of	  a	  dynamical	  change	  to	  the	  nature	  of	  
the	  signal	  rather	  than	  a	  mere	  amplitude	  change.	  
Mateos	  et	  al.	  (2017)	  used	  the	  same	  algorithm	  in	  a	  more	  recent	  study.	  In	  this	  study,	  scalp	  and	  
intracerebral	  EEG	  and	  magnetoencephalography	   (MEG)	  data	  were	  analysed	   in	  different	   sleep	  
stages	   and	   epileptic	   seizures.	   Greater	   values	   of	   complexity	   and	   entropy	   were	   obtained	   for	  
alert/conscious	  states	  and	  this	  was	  found	  to	  be	  robust	  in	  all	  three	  types	  of	  data	  (i.e.,	  scalp	  EEG,	  
intercranial	  EEG	  and	  MEG).	  Entropy	  and	  complexity	  values	   for	  slow	  wave	  sleep	  stages	   (NREM	  
stage	  3	  and	  4)	  were	  characterised	  by	  the	  lowest	  values	  whereas,	  values	  in	  REM	  sleep	  remained	  
between	   SWS	   and	   wakefulness.	   Bai,	   Liang	   and	   Li	   (2015)	   used	   both	   a	   neural	   mass	   model	   to	  
stimulate	  EEG	  data	  and	  real	  EEG	  data	  to	  track	  changes	  in	  the	  dynamics.	  Z-­‐score	  model,	  two-­‐way	  
ANOVA	  and	  t-­‐test	  were	  used	  to	  estimate	  the	  significance	  of	  the	  results	  compared	  to	  LZC.	  For	  
the	  PLZC	  algorithm,	  authors	  described	   their	  parameter	   selection	   for	   the	  algorithm.	  The	  auto-­‐
correlation	  function	  (ACF)	  was	  used	  to	  determine	  the	   lag	  used.	  The	  optimal	  value	  for	   lag	  was	  
found	  to	  be	  9	  and	  a	  linear	  relationship	  between	  the	  lag	  and	  sampling	  frequency	  was	  reported.	  
Authors	  suggested	  the	  calculation	  of	  ACF	  before	  signal	  processing	  but	  did	  not	  mention	  the	  lag	  
used	   for	   their	   analysis.	   For	   the	   permutation	   vector	   size,	   they	   cited	   previous	   PE	   papers	   and	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associated	  their	  selection	  to	  the	  signal	   length	   (N)	  and	  factorial	  permutation	  vector	  dimension	  
(i.e.,	  N	   >	  m!).	   Authors	   compared	  mid-­‐point,	  median	   and	   k-­‐means	   LZC	   algorithms	  with	   PLZC.	  
They	   applied	   these	   methods	   to	   a	   simulated	   EEG	   data	   including	   a	   transition	   from	   normal	   to	  
epileptic	   state.	  Unlike	   the	   reports	   from	   Zozor,	  Mateos	   and	   Lamberti	   (2014),	   all	   different	   LZC	  
algorithms	   were	   able	   to	   detect	   the	   transition	   in	   the	   signal.	   However,	   correlation	   coefficient	  
analysis	  (r)	  performed	  on	  50	  runs	  revealed	  highest	  r	  values	  for	  PLZC.	  Additionally,	  authors	  used	  
EEG	  data	  under	  anaesthesia	  and	  empirically	  random	  shuffled	  surrogate	  data	  (no	  details	  of	  the	  
procedure	   in	   surrogate	   data	   generation	  were	   included)	   to	   assess	   if	   real	   data	   results	   differed	  
from	   linearly	   filtered	   noise.	   PLZC,	   LZC	   median	   and	   mean	   methods	   showed	   significant	  
differences	  in	  awake,	  deep	  anaesthesia	  and	  recovery	  states.	  Two-­‐way	  ANOVA	  test	  followed	  by	  
Bonferroni	  post-­‐hoc	   tests	   revealed	   prominent	   pair-­‐wise	   variances	   in	   all	   anaesthesia	   states	   in	  
PLZC.	  A	  similar	  result	  was	  also	  reported	  for	  epileptic	  seizure	  recordings.	  In	  another	  study	  by	  Bai	  
et	   al.	   (2015)	   proposed	   PLZC’s	   use	   to	   characterise	   the	   effects	   of	   anaesthesia	   induced	   by	  
GABAergic	  compounds.	  PLZC	  was	  compared	  to	  state	  entropy	  (SE),	  response	  entropy	  (RE),	  both	  
reflecting	   cortical	   state,	   PE	   and	   LZC	   in	   sevoflurane-­‐induced	   anaesthesia	   for	   19	   subjects	   and	  
propofol-­‐induced	   anaesthesia	   for	   10	   subjects.	   Box	   plots	   indices	   of	   these	   methods	   showed	  
significantly	  different	  results	   in	  4	  states	  of	  anaesthesia	  for	  different	  methods	  (RE,	  LZC,	  PE	  and	  
PLZC	   significant	   in	   all	   states	   of	   sevoflurane	   anaesthesia,	   RE,	   SE,	   PE	   and	  PLZC	   significant	   in	   all	  
states	   of	   propofol	   anaesthesia).	   However,	   dose-­‐response	   curves	   revealed	   the	   best-­‐fit	   with	  
greatest	   coefficient	   of	   determination	   (R2)	   for	   PLZC	   and	   this	   was	   concluded	   as	   this	   methods	  
superiority	   over	   other	   methods.	   Also,	   PLZC’s	   powerful	   detection	   of	   the	   effects	   of	   the	  
anaesthetics	  was	  associated	  with	  the	  permutation	  process	   in	  creating	  PLZC	  which	  reflects	  the	  
relation	  in	  signal	  points	  and	  not	  just	  the	  amplitude	  changes	  of	  the	  signals.	  
Based	  on	   the	  numerous	   studies	   summarised	  and	   tabulated	   in	   this	   chapter,	   LZC,	   PE	   and	  PLZC	  
were	  chosen	  as	  symbolic	  dynamic	  analysis	  methods.	  Parameter	  selection	  for	  the	  methods	  was	  
detailed	   in	   the	  next	   section.	  Additionally,	   the	  datasets	  which	  were	  used	   in	   the	  analyses	  were	  
described.	  	  
2.5.   Non-­‐linear	  Analysis	  Methods	  in	  Sleep	  Research	  
Non-­‐linear	  analysis	  techniques	  are	  a	  family	  of	  methods	  which	  are	  used	  in	  the	  interpretation	  of	  
many	  complex	  phenomena	  in	  nature.	  These	  techniques	  consist	  of	  reconstructing	  time-­‐series	  of	  
biological	  signal	  from	  an	  attractor	  of	  the	  signal,	  characterising	  it	  as	  an	  estimate	  of	  the	  degrees	  
of	   freedom	  of	  the	  system	  and	  reflecting	  the	  unpredictability	  of	   the	  system	  due	  to	  changes	  of	  
initial	   conditions	   (Stam,	   2005).	   They	   also	   consist	   of	   representing	   the	   system	   as	   symbols	   and	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characterising	  the	  regularity	  of	  the	  system	  as	  proportions	  of	  these	  sub-­‐states	  (Daw,	  Finney	  and	  
Tracey,	  2003).	  
Dynamic	   systems	   are	   formed	   of	   initial	   states	   and	   variables	   which	   change	   over	   time.	   These	  
changes	  can	  be	  described	  by	  equations	  and	  laws	  which	  forms	  the	  dynamics	  of	  a	  system.	  If	  the	  
rate	   of	   change	   of	   these	   initial	   states	   and	   variables	   are	   represented	   by	   linearly	   changing	  
equations,	  then	  the	  system	  is	  defined	  as	  a	  linear	  system,	  non-­‐linear	  otherwise	  (Natarajan	  et	  al.,	  
2004).	  Deterministic	  chaos	  (i.e.,	  a	  property	  of	  a	  non-­‐linear	  dynamical	  system)	  suggests	  that	  two	  
components	   of	   a	   system	  may	   differ	   in	   long	   term	  depending	   on	   their	   initial	   conditions	  which	  
result	   in	  system’s	   irregular	  and	  complex	  behaviour.	  This	  serves	  as	  the	  essential	  assumption	  of	  
non-­‐linear	  dynamical	  analysis	  (Jeong,	  2004).	  	  
There	   are	   numerous	   non-­‐linear	   analysis	   methods	   that	   have	   been	   applied	   to	   physiological	  
signals	   over	   the	   years.	   Some	   of	   these	   methods	   will	   be	   introduced	   in	   the	   context	   of	   sleep	  
studies.	  
Correlation	   dimensions	   (D2)	   is	   one	   of	   the	   non-­‐linear	   analysis	  methods	  which	  was	   applied	   to	  
EEG	   signals.	   It	   is	   considered	   to	   be	   a	   reflection	   of	   the	   complexity	   of	   the	   cortical	   dynamics	  
underlying	  EEG	  recordings	  (Jeong,	  2002).	  D2	  is	  a	  measure	  of	  complexity	  which	  can	  be	  obtained	  
from	   an	   attractor	   of	   the	   signal	   series.	   This	   provides	   an	   estimated	   number	   of	   variables	  
responsible	  of	  the	  dynamics	  of	  the	  system	  and	  widely	  studied	  at	  the	  non-­‐linear	  analysis	  of	  EEG	  
and	  sleep	  EEG.	  Findings	  of	  the	  previous	  studies	  reflect	  dimensionality	  as	  a	  number	  of	  dynamics	  
measure	  i.e.	  different	  dimensionality	  for	  different	  sleep	  stages.	   It	  gave	  good	  estimation	  about	  
the	  dynamics	  of	  the	  system	  which	  helped	  researchers	  to	  come	  up	  with	  variables	  to	  model	  sleep	  
structure	   (Kobayashi	   et	   al.,	   1999;	   Fell	   et	   al.,	   1996;	   Acharya	   et	   al.,	   2005).	   In	   a	   paper	   by	  
Babloyantz,	   Salazar	   and	   Nicolis	   (1985),	   chaotic	   dynamics	   of	   brain	   activity	   was	   investigated	  
through	  dimensionality	  measures.	  Chaotic	  attractors	  were	  used	  in	  the	  determination	  process	  of	  
the	  dimensionality	  in	  the	  time	  series.	  Phase	  spaces	  were	  obtained	  by	  defining	  dynamics	  of	  the	  
system.	  This	  was	  achieved	  by	  shifting	  the	  original	  time	  series	  by	  a	  fixed	  lag.	  These	  phase	  spaces	  
were	   then	   used	   as	   phase	   portraits	   of	   the	   time	   series	   which	   projects	   a	   low	   dimensional	  
subspace.	  Chaotic	  attractors	  and	  their	  dimensionality	  evaluation	  was	  made	  by	  calculating	  phase	  
spaces’	   distances	   relative	   to	   a	   reference	   point	   within	   these	   phase	   spaces’	   points.	  
Dimensionality	  “d”	  of	  the	  “n”	  phase	  space	  dependence	  was	  found	  to	  be	  important	  and	  related	  
to	   an	   attractor	   (Grassberger	   and	   Procaccia,	   1983).	   Existence	   of	   an	   attractor	   in	   n	   space	   was	  
indicated	   by	   a	   saturated	   value	   between	   different	   dimensions.	   And	   numbers	   of	   variables	  
(attractors)	  necessary	  to	  model	  the	  behaviour	  of	  the	  time	  series	  were	  equal	  to	  the	  saturation	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dimensionality	  values.	  Attractors	  were	  found	  for	  sleep	  Stage	  2	  and	  SWS	  but	  not	  for	  wake	  and	  
REM	  sleep.	  They	  concluded	  the	  reason	  for	  this	  as	  to	  the	  requirement	  of	   longer	  time	  series	  to	  
determine	  larger	  number	  of	  saturated	  variables	  and	  the	  intrinsic	  exhibition	  of	  the	  dynamics	  of	  
the	  system.	  
In	  one	  study	  by	  Kobayashi	  et	  al.	  (1999)	  looked	  at	  D2	  of	  various	  sleep	  stages	  in	  a	  healthy	  male	  
subject	  aged	  22	  years	  without	  an	  alcoholism	  history.	  D2	  values	  were	  reported	  as	  follows;	  awake	  
6.62,	  stage	  1	  5.91,	  stage	  2	  4.95,	  stage	  3	  3.88	  and	  6.13	  for	  REM.	  Results	  indicated	  a	  decrease	  in	  
the	  number	  of	  variables	  during	  slow	  wave	  sleep	  (SWS),	  a	  sudden	  increase	  in	  REM	  sleep	  and	  the	  
highest	  D2	  value	  for	  the	  waking	  stage	  showing	  a	  trend	   in	  all	  sleep	  cycles.	  Toshio	  et	  al.	   (1999)	  
suggested	  that	  this	  trend	  might	  be	  used	  in	  automated	  sleep	  scoring	  since	  numbers	  of	  variables	  
for	  different	  VS	  were	  between	  4-­‐7.	  However,	  statistical	  analyses	  results	  were	  not	  mentioned	  in	  
any	  of	  these	  papers	  hence,	  the	  method	  could	  not	  be	  solely	  efficient	  enough	  in	  sleep	  scoring.	  
Lyapunov	  exponent	  (L1)	  is	  another	  non-­‐linear	  analysis	  technique	  that	  measures	  dynamics	  of	  a	  
non-­‐linear	   time-­‐series	  and	   it	   is	  often	  used	   in	  conjunction	  with	  D2	  measures	   in	  EEG	  and	  sleep	  
research.	   It	   reflects	   the	   sensitivity	   of	   the	   system	   to	   initial	   conditions.	   It	   was	   explained	   by	  
Babloyantz,	  Salazar	  and	  Nicolis	  (1985)	  as	  trajectories’	  tendency	  to	  diverge	   in	  phase	  space	  due	  
to	  chaotic	  motion.	  The	  average	  of	  the	  speed	  of	  individual	  divergence	  was	  defined	  as	  Lyapunov	  
exponent,	   positive	   exponents	   indicating	   presence	   of	   chaotic	   attractors.	   Pereda	   and	   his	  
colleagues	  (1998)	  investigated	  the	  differences	  between	  fractal	  exponents	  and	  D2	  in	  awake	  and	  
sleep	   stages.	   EEGs	   of	   nine	   healthy	   male	   and	   female	   subjects	   and	   39	   surrogate	   data	   were	  
included	   in	   the	   study.	   Fractal	   exponents,	   β,	   were	   calculated	   using	   coarse	   graining	   spectral	  
analysis	  (CGSA).	  D2	  measures	  and	  surrogate	  data	  were	  used	  to	  analyse	  the	  nature	  of	  the	  EEG	  
signal.	   Only	   for	   SWS,	   differences	  were	   noted	   between	   β	   and	   D2.	   For	   other	   sleep	   stages,	   no	  
significant	   results	  were	  obtained.	   In	   a	  paper	  by	   Fell	   et	   al.	   (1996)	   it	  was	   suggested	   the	  use	  of	  
synthetic	   to	  show	  the	  difference	  between	  waking	  EEG	  and	  sleep	  EEG.	  This	   is	   in	  contrast	  with	  
former	   studies	   by	   Soong	   and	   Stuart	   (1989)	   and	   Pijn	   et	   al.	   (1991)	   about	   overall	   EEG	   showing	  
different	  patterns	  than	  coloured	  noise	  data	  with	  synthetic	  data.	  According	  to	  Fell	  et	  al.	  (1996),	  
waking	  EEG	  has	  similar	  features	  with	  linearly-­‐correlated	  noise	  whereas	  sleep	  EEG	  appears	  to	  be	  
non-­‐linear.	   This	   was	   observed	   by	   Pereda	   and	   his	   colleagues	   (1998)	   with	   β	   and	   D2	   values	  
showing	   a	   negative	   linear	   correlation.	   This	   correlation	   disappeared	   for	   SWS	   but	   remained	  
unchanged	   for	   other	   stages.	   Even	   though	   the	   accuracy	   values	   were	   not	   mentioned	   in	   the	  
paper,	   authors	   speculated	   that	   β	   values	   would	   describe	   sleep	   stages	   other	   than	   SWS	   more	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accurately,	  whereas	   L1	  and	  D2	  values	  would	  be	  better	   indicators	  of	   SWS	  because	  EEGs	  were	  
non-­‐linear	  in	  these	  stages	  in	  nature.	  	  
Fell	   and	   his	   colleagues	   (1996b)	   compared	   spectral	   and	   non-­‐linear	   measures	   of	   12	   healthy	  
subjects.	  They	  reported	  differences	  between	  EEG	  signals	  and	  the	  dynamics	  of	  linear	  stochastic	  
data.	   Non-­‐linearity	   in	   EEG	   was	   reported	   but	   not	   for	   low	   deterministic	   dynamics.	   This	   study	  
suggested	  that	  non-­‐linear	  methods	  such	  as	  D2	  and	  L1	  would	  be	  better	  at	  discriminating	  Stage	  1	  
and	   Stage	   2	   than	   any	   traditional	   spectral	   method.	   However,	   they	   suggested	   that	   non-­‐linear	  
methods	  might	   not	   discriminate	   short-­‐term	   EEG	   events	   like	   K-­‐complexes	   and	   spindles.	  Using	  
both	   methods	   would	   be	   beneficial	   since	   non-­‐linear	   analysis	   provides	   additional	   information	  
which	   may	   lead	   to	   improvements	   at	   distinguishing	   different	   psychophysiological	   states.	  
Another	   study	   by	   Röchke	   et	   al.	   (1993)	   focused	   on	   the	   L1	   values	   of	   human	   sleep	   EEG.	   EEG	  
recordings	   of	   15	   healthy	  men	   aged	   between	   23-­‐65	   years	   old	  were	   used	   to	   explain	   the	   non-­‐
linearity	  existing	  in	  the	  system.	  The	  dimensionality	  estimates	  were	  assumed	  to	  show	  the	  degree	  
of	   freedom	   of	   the	   system	   but	   alone,	   it	   was	   sufficient	   to	   identify	   whether	   the	   process	   was	  
chaotic	   or	   quasiperiodic.	   Based	   on	   the	   fact	   that	   L1	   was	   zero	   for	   periodic	   and	   quasiperiodic	  
signals	   but	   positive	   for	   chaotic	   process,	   it	   was	   reported	   that	   low	   L1	   values	   existed	   for	   deep	  
sleep	  (SWS)	  suggesting	  a	  more	  periodic	  like	  feature.	  	  
Meyer-­‐Lindenberg’s	   (1996)	   study	   assessed	   the	   complexity	   evolution	   in	   human	   brain	  
development	  rather	  than	  sleep	  stage	  analysis.	  54	  healthy	  children	  (from	  newborns	  to	  14	  years	  
old)	  and	  12	  healthy	  adults	  were	  recorded	  in	  order	  to	  measure	  maturation’s	  effects	  in	  the	  EEG	  
complexity.	  D2	  was	  calculated	  as	  an	   indication	  of	  the	  complexity	  of	  the	  system	  where	  L1	  was	  
used	   as	   system’s	   unpredictability	   measure.	   In	   all	   analysed	   epochs,	   L1	   values	   were	   positive	  
suggesting	  a	  chaotic	  process	  and	  a	  statistically	  significant	  increase	  in	  D2	  values	  was	  found	  in	  all	  
examined	   leads.	   Moreover,	   increase	   in	   the	   dimensionality	   with	   age	   groups	   was	   reported.	  
Attractor	   dimensionality	   increased	   and	   a	   highly	   significant	   age	   effect	   for	   each	   region	   was	  
reported	  along	  with	  the	  previously	  mentioned	  observations.	  In	  contrast	  to	  Meyer-­‐Lindenberg’s	  
findings	   about	   age	   differences,	   Ferri	   et	   al.	   (1996)	   did	   not	   observe	   any	   age-­‐related	   D2	  
differences	   in	   7	   normal	   subjects	   aging	   between	   7-­‐18	   years.	   Meyer-­‐Lindenberg	   interpreted	  
attractor	  dimensionality	  as	  the	  system	  complexity	  only	  if	  the	  system	  was	  of	  linear	  or	  non-­‐linear	  
but	  non-­‐chaotic	  nature.	  Otherwise	  it	  was	  assumed	  to	  be	  noisy	  behaviour	  according	  to	  Osborne	  
and	  Provenzale	  (1989).	  That	  seems	  to	  be	  compatible	  with	  the	  previously	  mentioned	  findings	  of	  
Meyer-­‐Lindenberg	   (positive	   L1	   values	   and	   chaotic	   behaviour).	   L1	   values	   were	   significantly	  
different	  for	  all	  age	  groups	  particularly	  in	  the	  frontal	  region.	  Lowest	  D2	  values	  of	  newborns	  and	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small	  children	  were	  calculated	  from	  occipital	  regions,	  statistically	  significant	   increases	   in	  older	  
children	  and	  adults	   in	  the	  frontal	  region	  and	  highest	  dimensionality	  were	  reported	  for	  central	  
region.	   The	   author	   also	   reported	   that	   there	  were	  no	   interhemispheric	   differences	   for	   all	   age	  
groups.	   However,	   the	   study	   carried	   out	   by	   Pereda	   et	   al.	   (1998;	   1999)	   reported	   that	  
interhemispheric	   differences	   in	   complexity.	   9	   right-­‐handed	   healthy	  men	  were	   investigated	   in	  
sleep	  and	  awake-­‐resting	  but	  closed	  eyes	  positions.	   Interhemispheric	  differences	   in	  fractal	  and	  
correlation	  dimensions	  were	  reported	  during	  waking	  for	  right	  hemisphere	  (RH).	  RH	  were	  more	  
complex	  and	  more	  predictable	  compared	  to	  left	  hemisphere	  (LH)	  in	  wake	  resting,	  while	  LH	  was	  
more	  complex	  during	  sleep	  stages.	  They	  concluded	  that	  non-­‐linear	  parameters	  were	  related	  to	  
EEG	  spectral	  bands	  as	  they	  looked	  into	  both	  spectral	  and	  non-­‐linear	  measures	  of	  the	  EEGs.	  
In	   one	   study	   by	   Acharya	   et	   al.	   (2005),	   phase	   space	   plots	   (PSP),	   approximate	   entropy	   (ApEn),	  
Hurst	  exponents	  (H),	  recurrence	  plots	  (RP),	  L1	  and	  D2	  were	  applied	  to	  analyse	  sleep	  EEGs	  and	  
their	   results	   were	   compared.	   Signals	   were	   collected	   from	   young	   adult	   Caucasian	   males	   and	  
females	   without	   any	   medication	   history.	   24	   hours	   of	   EEG	   recording	   were	   obtained	   from	   8	  
subjects	   with	   overall	   80	   hours	   of	   recordings	   which	   were	   sampled	   at	   100	   Hz	   and	   scored	  
according	  to	  Rechtschaffen	  and	  Kales	   (1986).	  Short	  descriptions	  of	  the	  methods	  PSP,	  ApEn,	  H	  
and	  RP	  are	   given	  next.	   PSP	   is	   an	  estimate	  of	   the	  embedded	  dimensionality	   (Grassberger	  and	  
Procaccia,	  1983)	  which	  was	  found	  to	  be	  not	  significant	  at	  dynamical	  construction	  of	  the	  signals	  
in	  this	  study.	  ApEn	  defines	  a	  pattern’s	  logarithmic	  likelihood	  of	  occurring	  again	  or	  staying	  as	  it	  is	  
during	  the	  time	  series	  i.e.,	  in	  a	  deterministic	  signal,	  due	  to	  high	  regularity,	  it	  is	  highly	  probable	  
to	  observe	  same	  pattern	  which	  results	  in	  small	  ApEn	  value	  (Pincus,	  1991).	  H	  is	  a	  measure	  of	  the	  
smoothness	   of	   a	   fractal	   time-­‐series.	   It	   evaluates	   the	   presence	   and	   absence	   of	   long	   range	  
dependence	   and	   its	   degree	   in	   a	   time-­‐series.	   RP	   show	  distance	   relations	   between	   points	   in	   a	  
dynamical	  system.	   It	  provides	  good	  estimates	  of	  correlations	   in	  the	  data.	   It	   is	  a	  graphical	   tool	  
for	   the	  diagnosis	  of	  drift	   and	  hidden	  periodicities	   in	   the	   time	  evolution	  of	  dynamical	   systems	  
(Eckmann,	  Kamphorst	  and	  Ruelle,	  1987).	  Results	  of	  the	  methods	  were	  described	  as	  changes	  in	  
the	  cortex	  activity	   rather	   than	  complexity	  of	   the	  signals.	  ApEn,	  D2,	  L,	  H	  values	  were	  reported	  
highest	  for	  awake	  due	  to	  highly	  active	  cortex	  and	  desynchronization	  in	  the	  EEG	  signals	  whereas	  
these	  values	  gradually	  decreased	  for	  sleep	  stages	  1-­‐4	  as	  synchronization	  increased.	  
Some	   of	   the	   traditional	   non-­‐linear	   methods	   and	   their	   applications	   to	   sleep	   studies	   were	  
introduced	  in	  this	  sub-­‐section.	  These	  methods	  provided	  information	  about	  the	  regularity	  or	  the	  
complexity	  of	  the	  signal	  during	  different	  sleep	  states.	  Overall,	  they	  were	  useful	  in	  the	  detection	  
of	  different	  sleep	  stages.	  However,	  extensive	  signal	  conditioning,	  long	  processing	  time	  and	  big	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storage	   space	   demands	   were	   reported	   as	   issues	   with	   these	   methods.	   Even	   though	   these	  
methods	  were	  good	  complexity	  indicators,	  new	  methods	  based	  on	  symbolic	  dynamical	  analysis	  
techniques	  were	  developed	  to	  overcome	  some	  of	   the	   issues	  with	   former	  non-­‐linear	  methods	  
which	  will	  be	  discussed	  in	  the	  next	  sub-­‐section.	  
In	  this	  chapter	  literature	  review	  on	  the	  key	  concepts	  were	  summarised.	  These	  include	  the	  gold	  
standard	   in	   sleep	   EEG	   analysis,	   the	   use	   of	   EEG	   power	   spectral	   density	   to	   investigate	   sleep,	  
effects	  of;	  SD,	  ageing,	  sex	  differences,	  drug	  induced	  sleep	  and	  non-­‐linear	  analysis	  methods	  that	  
were	   used	   in	   sleep	   research.	   Furthermore,	   a	   section	  was	   dedicated	   to	   SDA	   techniques	   used	  
within	  this	  thesis	  (i.e.,	  LZC,	  PE	  and	  PLZC)	  and	  their	  usage	  in	  EEG	  analysis	  were	  described.	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3.   Introduction	  
In	  this	  chapter,	  the	  datasets	  will	  be	  described	  in	  details	  and	  then,	  the	  methods	  i.e.,	  LZC,	  PE	  and	  
PLZC	  presented	  with	   their	   theoretical	  backgrounds.	  Finally,	   the	   statistical	  analyses,	  applied	   to	  
the	  results	  of	  the	  symbolic	  dynamical	  analyses	  will	  be	  introduced.	  
3.1.   Datasets	  
All	   the	   datasets	   used	   within	   this	   study	   were	   performed	   in	   the	   context	   of	   completely	  
independent	   studies.	   Protocols,	   data	   collection,	   sleep	   scoring	   were	   performed	   by	   the	   other	  
researchers	  which	  were	  cited	  where	  applicable.	  
3.1.1.   Polysomnography	  Recordings	  in	  Rodents	  to	  Study	  the	  Effects	  of	  Sleep	  Deprivation	  
and	  Tiagabine	  Administration	  
The	  dataset	  consisted	  of	  EEG	  and	  EMG	  recordings	  of	  seven,	  adult	  (11-­‐13	  weeks	  old	  at	  the	  time	  
of	  surgery)	  wild-­‐type	  male	  mice.	  The	  data	  were	  recorded	  using	  telemetry	  transmitters	  (volume,	  
1.9	  cm3;	  total	  weight,	  3.4	  g;	  TL11M2-­‐F20-­‐EET;	  DSI,	  St.	  Paul,	  MN,	  USA)	  connected	  to	  implanted	  
electrodes	  (as	  described	  by	  Hasan	  et	  al.	  (2011)	  and	  introduced	  in	  section	  1.2.1)	  for	  continuous	  
recordings.	  The	  dataset	  consisted	  of	  48-­‐h	  recordings.	  The	  first	  24-­‐h	  period	  includes	  a	  12-­‐h	  light	  
period	  and	  a	  12-­‐h	  dark	  period.	  Sleep	  deprivation	  (SD)	  was	  performed	  in	  the	  last	  6-­‐h	  of	  the	  dark	  
period,	  by	  gentle	  procedures	  (Palchykova	  et	  al.	  (2010)).	  Immediately	  after	  the	  6-­‐h	  SD,	  animals	  
were	   administered	   either	   with	   1mg/kg	   or	   2mg/kg	   Tiagabine	   Hydrochloride	   solution	   or	   with	  
placebo	   (0.9%	   saline).	   	   All	   animals	   were	   then	   returned	   back	   to	   their	   home	   cage	   for	   a	   24-­‐h	  
recovery	   period	   where	   they	   were	   allowed	   to	   sleep	   ad	   libitum.	   The	   experimental	   protocol	   is	  
given	  in	  Figure	  3.1.	  
	  
Figure	  3.1.	  Study	  design	  for	   the	  48-­‐h	  EEG/EMG	  recordings	  starting	  at	   light	  onset.	  The	  dataset	  has	  18-­‐h	  
baseline	  recordings	  in	  light	  and	  dark	  periods	  followed	  by	  a	  6-­‐h	  sleep	  deprivation	  and	  24-­‐h	  recovery	  sleep	  
taking	  place	  in	  light	  and	  dark	  periods.	  
EEG	  and	  EMG	  were	  transmitted	  at	  455	  kHz	  to	  an	  RPC-­‐1	  receiver	  (DSI)	  and	  sampled	  at	  250	  Hz.	  
VS	   for	   consecutive	   4-­‐s	   epochs	   were	   classified	   by	   visual	   inspection	   of	   the	   EEG	   and	   the	   EMG	  
Chapter	  3	  –	  Materials	  and	  Methods	  
38	  
Pinar	  Deniz	  Tosun,	  2018	  
signals	   by	   an	   experimenter	   blind	   to	   treatment,	   according	   to	   the	   standard	   criteria	   (Winsky-­‐
Sommerer	   et	   al.,	   2007)	   as	   follows:	  wakefulness	   (EEG	  6-­‐9	  Hz	   theta	   activity	  with	   variable	   EMG	  
activity),	   non-­‐rapid-­‐eye-­‐movement	   (NREM)	   (slow	   wave	   activity	   (SWA)	   0.5-­‐4.5Hz	   and	   spinde	  
activity	  (10-­‐15	  Hz)	  and	  low	  amplitude	  EMG);	  rapid-­‐eye-­‐movement	  (REM)	  sleep	  (high	  delta	  and	  
theta	  oscillations	  with	  EMG	  	  atonia).	  	  	  
In	   this	   study,	   LZC,	   PE	   and	   PLZC	  were	   performed	   on	   each	   epoch	   (4-­‐s	   interval,	   i.e.,	   1000	   data	  
points	   in	  each	  sleep	  episode)	  and	  the	  complexity	  values	  obtained	  were	  grouped	  according	   to	  
the	  VS	  they	  belong	  to	  in	  1.5-­‐h	  time	  intervals	  (i.e.,	  8	  complexity	  measures)	  in	  each	  sleep	  period.	  	  
The	  study	   for	   this	  dataset	  was	   funded	  by	   the	  Biotechnology	  and	  Biological	  Sciences	  Research	  
Council	   research	   grant	   (BBSRC/I008926/1	   to	   R.	   Winsky-­‐Sommerer)	   and	   received	   ethical	  
approval	   at	   the	   time	   of	   data	   acquisition.	   All	   experimental	   procedures	   were	   carried	   out	   in	  
accordance	  with	  the	  UK	  Animals	  (Scientific	  Procedures)	  Act	  1986.	  
3.1.2.   Polysomnography	  Recordings	  in	  Humans	  to	  Study	  the	  Effects	  of	  Ageing	  and	  Sex	  
Differences	  
The	  dataset	  consisted	  of	  healthy	  young,	  middle	  aged	  and	  elderly	  men	  and	  women	  aged	  20	  and	  
above	  without	   sleep	   disorders	   and	   no	   chronic	   sleep	   complaints	   (Dijk	   et	   al.,	   2010;	   Dijk	   et	   al.,	  
2012;	  Groeger	  et	  al.,	  2014).	  Age	  groups	  for	  young,	  middle	  aged	  and	  elderly	  and,	  the	  number	  of	  
subjects	  per	  group	  are	  listed	  in	  Table	  3.1.	  
Table	  3.1.	  Cohort	  of	  the	  ageing	  and	  sex	  differences	  dataset.	  Female	  and	  male	  subjects	  were	  grouped	  in	  
age	  groups	  20-­‐39,	  40-­‐60	  and	  over	  65	  years	  old.	  
Sex/Age	  Groups	   20-­‐39	   40-­‐60	   65+	  
Female	   5	   12	   12	  
Male	   14	   6	   11	  
The	   EEG	   was	   recorded	   according	   to	   the	   International	   10-­‐20	   System	   of	   electrode	   placement	  
(described	  in	  section	  1.2.1).	  Six	  electrodes	  were	  used:	  two	  central	  electrodes	  (C3	  and	  C4),	  two	  
occipital	  electrodes	  (O1	  and	  O2)	  and	  two	  reference	  electrodes	  (A1	  and	  A2)	  with	  derivations	  C3-­‐
A2,	   C4-­‐A1,	   O1-­‐A2	   and	   O2-­‐A1.	   Polysomnography	   recordings	   started	   at	   lights-­‐off	   at	   23:00	   till	  
lights-­‐on	  at	  07:00.	  A	  band-­‐pass	   filter	  between	  0.3	  Hz	   to	  70	  Hz	  and	  a	  notch	   filter	  at	  50Hz	  was	  
applied	  during	  recording.	  The	  sampling	  rate	  was	  set	  to	  256	  Hz	  (Dijk	  et	  al.,	  2012).	  The	  recordings	  
were	   stored	   in	   European	   Data	   Format	   (EDF)	   and	   VS	   classification	   was	   performed	   using	   a	  
standardised	  software	  application	  (Profusion	  PSG	  within	  nexus	  Control,	  Compumedics	  Limited,	  
Melbourne,	  Australia)	  that	  enables	  the	  processing	  of	  records.	  Sleep	  staging	  was	  performed	  on	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each	  30-­‐s	  epoch	  according	  to	  Rechtschaffen	  and	  Kales	  criteria	  (Rechtschaffen	  and	  Kales,	  1968)	  
and	  a	  single	  score	  was	  assigned	  to	  each	  epoch	  based	  on;	  	  	  
•   Wakefulness:	  The	  EEG	  predominated	  by	  alpha	  activity	  and/or	  low	  voltage	  signals,	  might	  
also	  mixed	  frequency	  activity.	  	  Coded	  as	  “0.”	  	  
•   Stage	   1:	   Low	   voltage	   with	   mixed	   frequency	   activity	   in	   the	   EEG	   without	   rapid	   eye	  
movements.	  	  Coded	  as	  “1.”	  	  
•   Stage	  2:	  12-­‐14	  cycles	  per	  second	  sleep	  spindles	  and	  K	  complexes	  on	  a	  background	  of	  
relatively	  low	  voltage,	  mixed	  frequency	  EEG	  activity.	  	  Coded	  as	  “2.”	  	  
•   Stage	  3:	  20-­‐50%	  of	  a	  sleep	  episode	  containing	  high	  amplitude	  EEG	  and	  SWA	  (low	  delta	  
activity).	  	  Coded	  as	  “3.”	  	  
•   Stage	  4:	  Large	  amounts	  of	  high	  amplitude,	  slow	  wave	  activity.	  	  Coded	  as	  “4.”	  	  
•   Stage	  REM:	  A	  relatively	  low	  voltage,	  mixed	  frequency	  EEG	  with	  episodic	  REMs	  and	  low	  
amplitude	  EMG.	  	  Coded	  as	  “5.”	  
In	  this	  study,	  EDF	  formatted	  data	  were	  first	  read	  by	  a	  MATLAB®	  function	  and	  stored	  as	  separate	  
MATLAB®	  matrices.	  LZC,	  PE	  and	  PLZC	  were	  performed	  on	  each	  epoch	  (30-­‐s	  interval,	   i.e.,	  7680	  
data	  points	  in	  each	  epoch)	  and	  the	  complexity	  values	  obtained	  were	  grouped	  according	  to	  the	  
VS	   they	   belong	   to	   in	   three	   time	   intervals	   i.e.,	   8-­‐h	   long	   whole	   night’s	   sleep	   was	   divided	   into	  
thirds.	  	  
The	  study	  for	  this	  dataset	  was	  funded	  by	  H.	  Lundbeck	  A/S	  (Valby,	  Denmark)	  and	  conducted	  at	  
Surrey	   Sleep	   Research	   Centre	   (SSRC).	   The	   protocol	   and	   subject	   information	   sheet	   received	  
ethical	  approval	  at	  the	  time	  of	  data	  collection	  by	  an	  Independent	  Ethics	  Committee.	  	  
3.1.3.   Polysomnography	   Recordings	   in	   Humans	   to	   Study	   the	   Effects	   of	   Melatonin,	  
Zolpidem	  and	  Temazepam	  Induced	  Sleep	  
The	  data	  used	  in	  this	  study	  were	  recorded	  during	  a	  double-­‐blinded	  placebo	  controlled	  four-­‐way	  
crossover	   trial	   to	   quantify	   the	   effects	   of	   prolonged-­‐release	   melatonin	   (2mg),	   temazepam	  
(20mg)	  and	  zolpidem	  (10mg)	  during	  nocturnal	  sleep	   in	  healthy	  middle-­‐aged	  men	  and	  women	  
(Arbon	   et	   al.,	   2015).	   Sixteen	   subjects	   (12	  men	   (mean	   age	   59.9	   years,	   SD	   2.8)	   and	   4	  women	  
(mean	  58.8	  years,	  SD	  2.2))	  were	  enrolled	   in	  the	  study	  and	  six	  visits	  occurred.	  During	  Visit	  1,	  a	  
general	  medical	   screening	   of	   the	   participants	   was	   completed	   and	   their	   written	   consent	   was	  
obtained.	   During	   Visit	   2,	   the	   adaptation	   to	   the	   sleep	   laboratory	   environment	   and	   the	   PSG	  
screening	   occurred.	  During	  Visits	   3-­‐6,	   different	   treatment	   periods	  were	   completed.	   Typically,	  
subjects	   arrived	   at	   the	   centre	   around	   17:00	   and	   received	   different	   drugs.	   This	   early	   arrival	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allowed	  enough	  time	  to	  ensure	  different	  drugs’	  serum	  concentrations	  to	  peak	  approximately	  at	  
the	  same	  time	  before	  the	   lights	  off	  at	  23:00	  when	  PSG	  recordings	  started.	  Additionally,	   there	  
were	  5	  days	  between	  visits	  to	  allow	  adequate	  washout	  period	  of	  the	  drugs	  used	  in	  the	  previous	  
trial.	  One	  of	  the	  subjects	  withdrew	  from	  the	  study	  after	  his	  3rd	  visit,	  so	  only	  15	  subjects’	  EEGs	  
were	  used	  in	  the	  analyses.	  
Table	  3.2.	  Treatment	  groups	  for	  the	  drug	  effects’	  study	  with	  electrode	  derivations	  C3-­‐A2,	  C4-­‐A1,	  O1-­‐A2	  
and	   O2-­‐A1.	   All	   subjects	   received	   all	   treatments	   apart	   from	   treatment	   2	   where	   one	   of	   the	   subjects	  
withdrew	  from	  the	  study	  	  
Treatments	   1-­‐   Placebo	   2-­‐   Melatonin	  
(2mg)	  
3-­‐   Temazepam	  
(20mg)	  
4-­‐   Zolpidem	  
(10mg)	  
Electrodes	   C3,	  C4,	  O1,	  O2	   C3,	  C4,	  O1,	  O2	   C3,	  C4,	  O1,	  O2	   C3,	  C4,	  O1,	  O2	  
#	  of	  Subjects	   16	   15	   16	   16	  
All	   PSGs	   were	   recorded	   on	   Siesta	   digital	   recorders	   (Compumedics,	   Abbotsford,	   Victoria,	  
Australia),	   saved	   and	   scored	   as	   described	   in	   section	  1.2	   (Dijk	   et	   al.,	   2012).	   In	   addition	   to	   the	  
recording	   criterion,	   the	   same	   electrodes	   and	   electrode	   derivations	   were	   used	   for	   the	   same	  
duration	  of	   recordings	   (i.e.,	  8-­‐h	  EEG)	  and	  analyses	  criterion	   (i.e.,	  3	   thirds	  of	   the	  whole	  night’s	  
sleep).	   Similar	   to	   the	   ageing	   dataset,	   the	   EDF	   formatted	   data	  were	   first	   read	   by	   a	  MATLAB®	  
function	  and	  stored	  as	  separate	  MATLAB®	  matrices.	  LZC,	  PE	  and	  PLZC	  were	  performed	  on	  each	  
epoch	  (30-­‐s	  interval,	   i.e.,	  7680	  data	  points	  in	  each	  epoch)	  and	  the	  complexity	  values	  obtained	  
were	  grouped	  according	  to	  the	  VS	  they	  belong	  to	  in	  three	  time	  intervals.	  	  
The	   study	   received	   ethical	   approval	   from	   an	   independent	   ethics	   committee	   (Brent	   Medical	  
Ethics	   Committee/National	   Health	   Services	   (NHS)	   National	   Research	   Ethics	   Service).	   Clinical	  
Trials	  Authorisation	  was	  provided	  by	  the	  Medicines	  and	  Healthcare	  Products	  Regulatory	  Agency	  
(MHRA).	  	  	  
3.2.   Symbolic	  Dynamic	  Analysis	  Methods	  	  
The	  symbolic	  dynamic	  analysis	  methods	  used	  in	  this	  study	  include	  LZC,	  PE	  and	  PLZC	  measures	  
which	  will	  be	  discussed	  in	  the	  next	  sections.	  
3.2.1.   Lempel-­‐Ziv	  Complexity	  
LZC	   is	   a	   symbolic	   dynamical	  method	  which	   includes,	   creating	   symbol	   series	   from	   the	  original	  
time	   series,	   parsing	   of	   the	   symbol	   series,	   and	   calculating	   the	   complexity	   measure.	   This	  
algorithm	  was	  first	  proposed	  by	  Lempel	  and	  Ziv	  (1976)	  as	  a	  complexity	  measure.	  In	  the	  last	  four	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decades,	   it	  has	  been	  applied	  to	  a	  wide	  range	  of	  signals	  and	  there	  have	  been	  modifications	  on	  
the	  algorithms	  (e.g.,	  how	  the	  symbols	  series	  was	  created	  and	  parsing	  was	  made).	  	  
There	   are	   numerous	   studies	  which	   used	   LZC	   in	   conjunction	  with	   biomedical	   signals.	  Most	   of	  
these	  studies	  were	  discussed	   in	  the	   literature	  review	  section	  2.5.1	  where	  different	  algorithms	  
were	   listed,	   such	   as;	  mean,	  median,	  k-­‐means	   LZC	   (Thakor	   and	  Tong,	   2004;	   Tong	   and	  Thakor,	  
2009;	   Nagarajan,	   2004;	   Amigo	   et	   al.,	   2004).	   In	   this	   thesis,	   LZC	  median	   was	   used	   due	   to	   its	  
robustness	   to	   outliers	   within	   the	   time	   series.	   The	   algorithm	   used	   was	   based	   on	   Aboy	   et	   al.	  
(2006;	  Lempel	  and	  Ziv,	  1976)	  and	  detailed	  as	  in	  Tosun	  et	  al.,	  (2017):	  
1.   The	  original	  time	  series	  is,	  X	  =	  x(i),	  x(i+1),	  …	  ,	  x(n),	  	  
2.   Symbol	  series	  was	  created	  from	  the	  original	  time	  series	  according	  to	  the	  median	  value	  
and	   the	   original	   sample	   point.	   If	   the	   value	   of	   the	   sample	   is	   less	   than	  Td,	   the	  median	  
threshold	  value,	  this	  sample	  was	  assigned	  to	  0	  and,	  to	  1	  otherwise	  (Equation	  2).	  
s(i)= 0,	  	  x i <Td	  	  	  	  1,	  otherwise	  ,	  	   	   	   	   	   (2)	  
3.   P	  =	  s(1),	  s(2),	  …	  ,	  s(n),	  the	  symbol	  series,	  was	  parsed	  and	  used	  for	  the	  calculation	  of	  the	  
complexity	  measure.	  
4.   	  S	  and	  Q	  (substrings	  of	  the	  symbol	  series)	  were	  allocated	  with	  the	  first	  and	  the	  second	  
symbols	  of	  the	  symbol	  series	  respectively	  and	  complexity	  counter	  c(n)	  was	  set	  to	  1.	  
5.   Strings	   SQ	   and	   SQv	   were	   derived	   by	   merging	   substrings	   S	   and	   Q	   together	   and	   by	  
deleting	  the	  last	  character	  of	  the	  newly	  derived	  string	  SQ.	  For	  example,	  if	  S	  =	  s(1),	  s(2),	  
…	  ,	  s(i),	  Q	  =	  s(i+1),	  …	  ,	  s(i+j-­‐1),	  s(i+j),	  then	  SQ	  =	  s(1),	  s(2),	  …,	  s(i),	  s(i+1),	  …	  ,	  s(i+j)	  and	  SQv	  
=	  s(1),	  s(2),	  …	  ,	  s(i+j-­‐1).	  
6.   Substring	  Q	   is	   sought	   in	  SQv.	  Q	  was	  slid	   in	  SQv	  until	   the	   last	   symbol	  of	   the	   sequence	  
was	   reached.	   If	  Q	  was	   found	   in	  SQv,	  Q	  was	  updated	  by	  adding	  next	   symbol	   from	  the	  
symbol	  series	  and	  step	  5	  was	  repeated.	  If	  not,	  S	  was	  updated	  to	  be	  SQ	  and	  Q	  was	  set	  to	  
be	  the	  next	  symbol	  of	  {s(n)}	  and	  complexity	  counter	  was	  increased	  by	  one,	  lastly	  step	  5	  
and	  6	  were	  repeated.	  
7.   c(n)	  was	   the	  complexity	  of	   the	  symbol	   sequence	   {s(n)}	  which	  denoted	   the	  number	  of	  
distinct	  words	   found	   in	   the	   sequence.	  The	   total	  number	  of	   sub-­‐sequences	  present	   in	  
{s(n)}	  had	  an	  upper	  bound	  (Hu,	  Gao	  and	  Principe,	  2006)	  denoted	  as	  C(n)	  and	  would	  be	  
quantified	  using	  Equation	  3	  and	  Equation	  4	  as:	  
b(n)= n log2(n)
	  ,	  	   	   	  	   	   	   (3)	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C n = c n b n 	  	   	   	   	   	   (4)	  
In	   this	   study,	   LZC	  median	  was	  applied	   to	  all	   the	  datasets.	  Complexity	  was	  measured	   for	  each	  
sleep	  episode	  (4-­‐s	  in	  rodent	  sleep	  and	  30-­‐s	  in	  human	  sleep).	  These	  were	  then	  averaged	  over	  a	  
time	  interval	  (i.e.,	  8	  in	  a	  12-­‐h	  rodent	  sleep	  EEG	  and	  3	  in	  a	  8-­‐h	  human	  sleep	  EEG	  recording)	  and	  
grouped	   according	   to	   the	   VS	   (i.e.,	   3	   VS;	   wakefulness,	   NREM	   and	   REM	   in	   rodents	   and	   5	   VS;	  
wakefulness,	  NREM	  stage	  1-­‐3	  and	  REM	  in	  humans).	  A	  total	  of	  24	  complexity	  measures	  in	  rodent	  
sleep	  and	  15	  LZC	  values	  were	  obtained	  in	  human	  sleep	  for	  each	  subject	  in	  an	  EEG	  recording.	  	  	  	  	  	  	  
3.2.2.   Permutation	  Entropy	  
PE	  was	   first	   introduced	  by	  Bandt	  and	  Pompe	  (2002).	   It	  uses	   the	  order	  of	   the	  points	   in	  a	   time	  
series	  to	  calculate	  the	  probabilities	  of	  specific	  patterns	  embedded	  in	  the	  signal	  as	  a	  measure	  of	  
regularity.	   It	   computes	   the	   occurrence	   of	   patterns	   in	   a	   probabilistic	   manner,	   where	   input	  
parameters	  such	  as	  vector	   length	   for	  patterns,	   lag,	  and	  the	  slide	  affect	   the	  entropy	  measure.	  
Patterns	  are	  also	   influenced	  by	  the	  nature	  of	  the	  signal.	  A	   less	  regular	  signal	  contains	  a	  wider	  
range	   of	   patterns	   compared	   to	   a	   regular	   one.	   Therefore,	   different	   biomedical	   signal	  
applications	   led	   to	   modifications	   on	   the	   algorithm	   as	   well	   as	   selection	   of	   different	   input	  
parameters.	  
These	  modifications	  and	  effects	  of	  input	  parameters	  were	  discussed	  previously	  in	  section	  2.5.2.	  
In	   this	   study,	   the	   algorithm	   proposed	   by	   Bian	   et	   al.	   (2012)	   was	   used	   with	   similar	   notations.	  
These	  include;	  m,	  the	  length	  of	  the	  pattern,	  τ,	  the	  time-­‐delay	  which	  is	  the	  sampling	  rate	  of	  the	  
pattern	  and	  the	  slide.	  	  
As	  previously	  discussed	   in	  section	  2.5.2,	   input	  parameters	  affect	  the	  PE	  measure.	   In	  this	  PhD,	  
input	  parameters	  were	  chosen	  as	  m	  =	  6,	  τ	  =	  1	  with	   consecutive	   slides.	   It	  was	   suggested	   that	  
larger	  values	  of	  m	  should	  be	  used	  to	  quantify	  the	  dynamic	  changes	  happening	  over	  large	  time	  
scales	  (Keller,	  Unakafov	  and	  Unakafova,	  2014;	  Popov,	  Oleksii	  and	  Oleksii,	  2013;	  Massimiliano	  et	  
al.,	  2012),	  particularly	  if	  the	  time	  series	  is	  long	  enough	  to	  ensure	  all	  possible	  patterns	  (m!)	  can	  
be	   obtained.	   In	   this	   study	   each	   sleep	   episode	   had	   1000-­‐7680	   data	   points	   (4-­‐s	   in	   a	   250Hz	  
sampled	  signal,	  there	  are	  1000	  data	  points	   in	  rodent	  sleep	  EEG	  and,	  30-­‐s	   in	  a	  256Hz	  sampled	  
signal,	  there	  are	  7680	  data	  points	  in	  human	  sleep	  EEG)	  which	  made	  6	  as	  the	  upper	  bound	  for	  
rodent	   sleep	   analysis.	   For	   the	   other	   input	   parameter,	   τ,	   as	   it	   was	   previously	   discussed	   in	  
Chapter	  2,	  it	  was	  chosen	  as	  1	  in	  order	  to	  ensure	  no	  down	  sampling	  of	  the	  time	  series	  occurred	  
in	  the	  symbolisation.	  This	  also	  ensures	  that	  the	  original	  time	  series	  is	  used	  in	  the	  symbolisation	  
Chapter	  3	  –	  Materials	  and	  Methods	  
43	  
Pinar	  Deniz	  Tosun,	  2018	  
process	   and,	   accurate	   representation	   of	   the	   time	   series	   is	   assured	  by	   using	   every	   data	   point	  
within	  the	  signal.	  Furthermore,	  input	  parameters	  were	  also	  tried	  with	  different	  combinations	  as	  
given	   in	   Table	   3.3.	   Epoch-­‐by-­‐epoch	   analysis	   was	   performed	   on	   all	   the	   complexity	   values	  
computed	   from	   real	   and	   surrogate	   data	   (which	   will	   be	   discussed	   in	   section	   3.3)	   and	   the	  
percentages	  of	  significantly	  different	  sleep	  episodes	  within	  each	  time	  interval	  were	  calculated.	  
Based	  on	  this	  analysis,	  m	  =	  6,	  τ	  =	  1	  combination	  resulted	  in	  the	  most	  significant	  results.	  	  
Table	   3.3.	   Input	   parameters	   and	   p-­‐values	   for	   a	   recovery	   sleep	   period.	   Significantly	   different	   sleep	  
episodes	  within	  a	   time	   interval	  were	  represented	  as	  percentages	  based	  on	  the	  p-­‐values	  obtained	  from	  
epoch-­‐by-­‐epoch	  analysis.	  	  
Input	  parameters	   m	  =	  3;	  τ	  =	  1	   m	  =	  4;	  τ	  =	  1	   m	  =	  5;	  τ	  =	  1	   m	  =	  6;	  τ	  =	  1	  
%	  p-­‐value	  (<0.05)	   85.25	   96.72	   95.08	   96.72	  
	  
MATLAB®	  codes	  for	  the	  PE	  technique	  were	  written	  based	  on	  the	  algorithm	  described	  by	  Bian	  et	  
al.	  (2012)	  which	  can	  be	  summarised	  as	  follows:	  	  -­‐‑   From	  a	  time-­‐series	  X	  =	  x(i),	  x(i+1),	  …	  ,	  x(n),	  E(i)	  with	  a	  time	  delay	  t	  	  were	  obtained	  as	  in	  
Equation	  5.	  
E i 	  =	   x i ,	  x 	  i	  +	  τ ,	  …,	  	  x i	  +	  (n	  -­‐	  1)τ ,	  	  	   	   	   	   (5)	  
-­‐‑   Then,	   by	   using	   a	   time	   index	   defined	   as	   j,	   elements	   of	   the	   embedded	   vectors	   (i.e.,	  
pattern)	  were	  rearranged	  into	  increasing	  order.	  Furthermore,	  these	  time	  indexes	  were	  
used	  to	  create	  a	  symbol	  series	  with	  the	  possible	  motifs	  that	  can	  be	  obtained	  from	  the	  
embedded	  vectors.	  Additionally,	  to	  safeguard	  computation	  of	  the	  PE	  in	  equal	  values	  of	  
the	   time-­‐series,	   the	   same	   symbols	   were	   assigned	   to	   these	   i.e.,	   x[i	  +	  
jk1-­‐	  1 t	  =	  x[i	  	  +	  (jk2-­‐	  1)t],	  then	  the	  patterns	  were	  put	  in	  a	  row	  vector	  A(i)	  as	  in	  Equation	  
6,	  
A i = j1,	  j2,	  …,	  	  jk1,	  jk1,	  …,	  jn ,	   	   	   	   (6)	  -­‐‑   PE	  was	  calculated	  as	  in	  Equation	  7,	  where	  relative	  frequencies	  of	  the	  motifs	  (Figure	  3.2)	  
within	  symbol	  series	  A	  were	  represented	  as	  PA.	  
PE n 	  =	  -­‐ PAlnPAkA=1 ,	   	   	  	   	   (7)	  -­‐‑   Last,	   permutation	   entropy	   was	   normalised	   as	   in	   Equation	   8	   where	   a	   PE	   value	  
independent	  of	  the	  embedded	  vector	  dimension	  was	  obtained.	  
pe	  =	   PE(n) ln	  n!	  	   	   	   	   (8)	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An	   example	   showing	   the	   computation	   of	   PE	   is	   shown	   in	   Figure	   3.2	   where,	   m	   =	   3,	   τ	   =	   1	  
illustrating	  the	  previously	  described	  algorithm.	  Embedded	  vectors	  are	  patterns	  within	  the	  signal	  
where	  order	  of	  the	  time	  points	  corresponds	  to	  the	  so-­‐called	  motifs.	  Relative	  frequency	  of	  each	  
motif	   is	  equal	   to	  the	  appearance	  of	  a	  motif	  within	  the	  time	  series.	  PE	   is	   then	  calculated	  as	   in	  
Equation	  8.	  	  	  	  
	  
Figure	  3.2.	  Illustration	  of	  calculation	  of	  permutation	  entropy	  (PE)	  for	  embedded	  vector	  dimension	  m=3,	  
and	  time-­‐delay	  τ=1.	  Possible	  motifs	  m!	  =6	  for	  m=3	  is	  given	  at	  the	  top	  of	  the	  figure	  with	  translations	  of	  
those	  from	  the	  arbitrary	  signal	  on	  the	  left	  side	  of	  the	  figure.	  At	  the	  bottom	  of	  the	  figure,	  a	  histogram	  of	  
the	  possible	  patterns	  can	  be	  seen	  whose	  occurrence	  are	  used	  in	  PE	  computation	  
3.2.3.   Permutation	  Lempel-­‐Ziv	  Complexity	  
PLZC	   is	   a	   complexity	   measure	   combining	   ordinal	   patterns	   and	   LZC	   algorithms	   together	   to	  
evaluate	  changes	  in	  the	  dynamics	  of	  a	  signal	  (Bai,	  Liang	  and	  Li,	  2015).	  In	  this	  method,	  order	  of	  
the	   patterns	   i.e.,	   permutation	   vectors	   and	   their	   “motif”	   interpretations	   are	   used	   in	   the	  
symbolisation	  process	  of	  the	  time	  series.	  In	  Figure	  3.3,	  the	  process	  of	  creating	  the	  symbol	  series	  
and	  the	  possible	  motifs	  which	  can	  be	  achieved	  by	  embedded	  vector	  dimension	  3	  is	  illustrated.	  
According	   to	   the	   algorithm	   described	   in	   (Bai	   et	   al.,	   2015;	   Tosun	   et	   al.,	   2017)	   PLZC	   was	  
calculated	  as;	  
The	   original	   time	   series	   X	   =	   x(i),	   x(i+1),	   …	   ,	   x(n),	   is	   transformed	   into	   a	   finite	   sequence	   {E(n)}	  
based	   on	   permutation	   algorithm	   i.e.,	   the	   positions	   of	   time	   points	   in	   an	   embedded	   vector	  
Chapter	  3	  –	  Materials	  and	  Methods	  
45	  
Pinar	  Deniz	  Tosun,	  2018	  
creates	   a	   motif	   and	   this	   corresponds	   to	   a	   symbol	   (Figure	   2.2-­‐A)	   which	   forms	   the	   symbol	  
sequence	   (Figure	  3.3(B)).	  Complexity	   is	   then	  computed	  using	   step	  4-­‐6	  detailed	   in	   the	   section	  
3.2.1.	  The	  upper	  bound	  denoted	  as	  L(n)	  is	  a	  combination	  of	  the	  complexity	  counter	  c(n)	  and	  the	  
number	  of	  distinct	  patterns	  found	  in	  the	  symbol	  series	  can	  be	  estimated	  as	  in	  Equation	  9	  (Hu,	  
Gao	  and	  Principe,	  2006):	  
L n 	  =	  c(n) logm! c n 	  +	  1 ,	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (9)	  
the	  PLZC	  output	  is	  then	  normalised	  as	  seen	  in	  Equation	  10	  where	  n	  denotes	  the	  total	  length	  of	  
the	  symbol	  sequence.	  This	  step	  ensures	  calculated	  measures	  to	  be	  independent	  of	  time	  series	  
and	  motif	  lengths.	  When	  n	  is	  very	  large:	  
PLZC	  =	  
c(n) logm!n n	  ,	  	  	  	  	  	  	  	  	  	   	   	   	  	   (10)	  
is	  used	  to	  compute	  the	  complexity	  measure.	  Within	  this	  PhD,	  m	  =	  6,	  τ	  =	  1	  were	  chosen	  as	  the	  
input	  parameters	  for	  the	  PLZC	  computations.	  Similar	  input	  parameter	  selection	  criterion	  to	  PE	  
analysis	  were	  used	  for	  PLZC.	  In	  addition	  to	  epoch-­‐by-­‐epoch	  analysis,	  this	  combination	  of	  input	  
parameters	  also	  ensured	  easy	  comparisons	  between	  PE	  and	  PLZC.	  	  
	  
Figure	  3.3.	  Symbolisation	  process	  using	  m	  =	  3	  with	  different	  time	  delays	  (τ).	  A)	  Possible	  motifs	  obtained	  
with	   m	   =	   3.	   B)	   Different	   symbol	   sequences	   obtained	   with	   different	   time	   delays	   (τ)	   (Adapted	   and	  
replotted	  from	  (Adapted	  from	  (Bai,	  Liang	  and	  Li,	  2015)10)	  
3.3.   Surrogate	  Data	  
In	   the	  early	   phase	  of	   non-­‐linear	   EEG	  analysis	   (1985-­‐1990),	   low-­‐dimensional	   chaotic	   dynamics	  
was	   the	  main	   focus	  of	   the	  studies.	   In	   the	  90s,	   limitations	  of	   these	  methods	  were	  understood	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10	  Permission	  to	  reprint	  this	  figure	  has	  been	  granted	  by	  the	  copy	  right	  holder,	  Elsevier.	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and	   surrogate	   data	   testing	   was	   introduced	   for	   results’	   validation	   (Stam,	   2005).	   After	   that,	  
detection,	  characterisation,	  and	  modelling	  of	  non-­‐linearity,	  as	  well	  as	  the	  development	  of	  new	  
methods	  for	  the	  analysis	  of	  non-­‐stationary	  and	  high	  dimensional	  EEG	  data	  analyses	  became	  the	  
focus	  (Rapp	  et	  al.,	  1985;	  1993).	  	  
Various	   algorithms	   have	   been	   developed	   over	   the	   years	   where	   essentially	   the	   same	   power	  
spectrum	  of	  the	  original	  signal	  is	  unaltered	  but	  modifications	  were	  made	  in	  different	  methods	  
to	  preserve	  amplitude	  distribution	  or	  embedded	  coherence	  (Schreiber	  and	  Schmitz,	  2000;	  Pijn,	  
1990:	  Dolan	  and	  Spano,	  2001).	  These	  algorithms	  allow	  investigating	  whether	  the	  time	  series	  of	  
interest	  cannot	  be	  described	  by	  linear	  models	  (e.g.,	  FT	  used	  in	  preserving	  power	  spectrum	  and	  
autocorrelation	   function	   of	   the	   time	   series)	   and	   it	   contains	   non-­‐linear	   structures	   embedded.	  
Thus,	  the	  results	  are	  not	  merely	  the	  effect	  of	  changes	  to	  the	  power	  spectrum	  but	  derived	  from	  
changes	  to	  the	  (non-­‐linear)	  underlying	  dynamics	  of	  physiological	  signals	  (Figure	  3.4).	  
	  
Figure	  3.4.	  Phase	  randomised	  surrogate	  data	  in	  an	  NREM	  episode.	  Left	  panel:	  real	  time	  series	  (RTS)	  and	  
surrogate	   time	   series	   (STS)	   are	   plotted	   in	   blue	   and	   in	   red	   respectively.	   Right	   panels:	   Power	   Spectral	  
Density	  against	  frequency	  were	  given	  for	  RTS	  at	  the	  top	  and	  STS	  at	  the	  bottom	  graph.	  
In	   order	   to	   validate	   our	   findings,	   surrogate	   data	   analysis	  was	   performed	   in	   conjunction	  with	  
LZC,	  PE	  and	  PLZC	  measures.	  The	  aim	  was	  to	  evaluate	  if	  differences	  identified	  by	  these	  methods	  
were	   a	   result	   of	   alterations	   in	   the	   brain	   dynamics.	   In	   order	   to	   assess	   these,	   the	   algorithm	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introduced	   by	   Palus	   and	   Hoyer	   (1998)	   was	   applied	   to	   create	   the	   simulated	   dataset.	   This	  
algorithm	  can	  be	  summarised	  as	  follows:	  
1.   Fourier	  coefficients	  of	  the	  signal	  were	  obtained	  by	  Fast	  Fourier	  Transform.	  	  
2.   Phases	  of	  these	  coefficients	  were	  randomised	  but	  the	  magnitudes	  were	  not	  altered	  to	  
ensure	  spectral	  consistency.	  	  
3.   Inverse	   Fourier	   Transform	   into	   the	   time	   domain	   was	   performed.	   The	   resulting	  
surrogate	  data	  could	  not	  be	  discriminated	  from	  the	  original	  data	  set	  with	  respect	  to	  the	  
spectral	  characteristics.	  	  
In	  theory	  when	  a	  method	  (e.g.,	  PE,	  PLZC)	  is	  performed	  both	  on	  real	  and	  surrogate	  dataset	  and	  
the	  results	  obtained	  from	  these	  are	  statistically	  significant,	   this	  method	   is	   reflecting	  a	   feature	  
that	  cannot	  be	  explained	  by	  linear	  models	  (Rapp	  et	  al.,	  1994).	  	  
3.4.   Statistical	  Analysis	  Methods	  
In	   this	   sub-­‐section,	   the	  different	   types	   of	   statistical	   analyses	   performed	  on	   LZC,	   PE	   and	  PLZC	  
values	   are	   introduced.	   Regardless	   of	   how	   sophisticated	   the	   test	   is,	   it	   can	   be	   simplified	   into	  
Equation	   11	   where	   a	   dependent	   variable	   (e.g.,	   effect	   of	   the	   experiment)	   is	   estimated	   or	  
predicted	   by	   the	   independent	   variable	   (e.g.,	   cause	   of	   the	   effect,	  manipulation)	   (Field,	   2009).	  
For	  this	  thesis,	  all	  statistical	  analyses	  were	  performed	  on	  the	  software	  IBM	  Statistical	  Package	  
for	  the	  Social	  Sciences	  (SPSS)	  v.23	  with	  probabilities	  of	  p<0.05	  considered	  as	  significant.	  
Outcomei	  =	   Predictioni 	  +	  errori	   	   	   	   (11)	  
3.4.1.   Data	  Distribution	  
Before	   choosing	   a	   statistical	   difference	   test,	   it	   is	   essential	   to	   investigate	   the	  data	   in	   order	   to	  
ensure	   that	   the	   statistical	   findings	   are	   reliable.	   Reliable	   statistical	   results	   are	   achieved	   by	  
applying	   a	   good	   statistical	  model	   to	   the	   data	  which	   is	   a	   good	   fit	   i.e.,	   variance	   in	   the	   sample	  
means	  can	  be	  explained	  by	  the	  model	  applied.	  	  
In	  this	  thesis,	  data	  distributions	  were	  assessed	  using	  descriptive	  statistics,	  scatter	  plots	  and	  Q-­‐Q	  
plots	   in	   the	   IBM	   SPSS	   of	   the	   data.	   Depending	   on	   the	   distribution,	   parametric	   (Gaussian,	   i.e.,	  
normal	   distribution)	   or	   non-­‐parametric	   (non-­‐Gaussian)	   significance	   tests	   were	   performed	   on	  
the	  complexity	  values.	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3.4.2.   Statistical	  Tests	  
Two	  different	  significance	  tests	  were	  performed	  in	  this	  thesis.	  First,	  a	  non-­‐parametric	  Related	  
Samples	  Wilcoxon	  Signed	  Rank	  Test	  (RSWS)	  was	  performed	  to	  assess	  differences	  between	  real	  
and	  surrogate	  data	  analysis.	  As	  previously	  mentioned	  in	  Section	  3.4,	  this	  is	  a	  necessary	  step	  in	  
validating	  if	  the	  non-­‐linear	  analysis	  method	  reflects	  dynamic	  changes	  in	  the	  signal.	  Complexity	  
measures	   obtained	   were	   of	   non-­‐Gaussian	   distributions,	   thus	   a	   non-­‐parametric	   test	   was	  
selected.	   In	   addition	   to	   this,	   real	   and	   surrogate	   data	  were	   obtained	   from	   the	   same	   subjects.	  
Therefore,	  complexity	  measures	  were	  related	  and	  the	  RSWS	  test	  was	  chosen.	  
Once	   the	   RSWS	   test	  was	   performed	   effects	   of	   time,	   VS,	   period	   on	   the	   complexity	   of	   signals	  
were	  assessed	  by	  a	  Repeated	  Measures	  Analysis	  of	  Variance	   (RM-­‐ANOVA)	   test.	   This	   test	  was	  
selected	  due	  to	  its	  advantages	  (i.e.,	  increased	  sensitivity	  due	  to	  reduced	  unsystematic	  variance	  
and	   increased	  power	  due	  to	  consistent	  variables	   (Field,	  2009)).	  The	  same	  subjects	  were	  used	  
repeatedly	  in	  the	  data	  recording.	  In	  order	  to	  include	  subjects	  as	  a	  covariate,	  this	  method	  is	  well	  
suited	  for	  the	  assessment	  of	  main	  effects	  on	  the	  complexity.	  Furthermore,	  effects	  of	  time,	  VS	  
and	   period	   would	   be	   performed	   at	   the	   same	   time	   increasing	   the	   statistical	   power	   of	   RM-­‐
ANOVA.	  In	  RM-­‐ANOVA,	  SPSS	  uses	  three	  estimates	  to	  correct	  the	  df	  by	  multiplying	  the	  estimate	  
value	  with	  the	  df.	  These	  three	  estimates	  are	  called;	  Greenhouse-­‐Geisser	  (G-­‐G),	  Huynh-­‐Feldt	  (H-­‐
F)	  and	  Lower-­‐Bound	  Estimate	  where	  G-­‐G	  being	  the	  most	  conservative	  of	  all	  three.	  In	  this	  thesis,	  
H-­‐F	   estimates	   were	   used.	   Following	   the	   sphericity	   test,	   when	   significance	   was	   reached,	  
different	  post-­‐hoc	  tests	  were	  used	  to	  describe	  the	  effects	  of	  the	  independent	  variables	  on	  the	  
dependent	  variables.	  For	  this	  purpose,	  Bonferroni	  and	  two	  sided	  Dunnett’s	  tests	  were	  used	  to	  
characterise	  main	   and	   interaction	   effects	   of	   time,	   VS	   and	   period	   on	   complexity	   of	   the	   brain	  
signals.	  	  
In	  this	  chapter,	  materials	  and	  methods	  were	  detailed.	  First,	  cohorts	  of	  the	  datasets;	  mice	  (i.e.,	  
SD	  and	  tiagabine	  administration	  protocol	  recorded	  from	  7	  male	  mice	  in	  different	  sleep	  periods)	  
and	  human	  sleep	  EEG	  (i.e.,	  ageing	  and	  sex	  differences	  (29	  females	  and	  31	  males	  in	  different	  age	  
groups)	  and,	  pharmacological	  manipulations	  protocol	  performed	  on	  16	  subjects	   (59.9	  years	  ±	  
SD	  2.8))	  were	  described.	  Next,	  the	  signal	  processing	  techniques	  applied	  to	  these	  datasets	  were	  
detailed;	   LZC,	   PE	   and	   PLZC	   together	   with	   the	   surrogate	   data	   analysis.	   Last,	   all	   the	   statistical	  
analysis	  methods	  that	  were	  used	  within	  this	  PhD	  were	  described	  with	  their	  particular	  purposes	  
(i.e.,	  RSWS	  test	  to	  investigate	  differences	  between	  real	  and	  surrogate	  data	  measures	  and,	  RM-­‐
ANOVA	  to	  investigate	  the	  effects	  of	  the	  alterations	  and	  manipulations	  on	  brain	  activity).	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4.   Introduction	  
In	   this	   chapter,	   LZC,	   PE	   and	   PLZC	   analyses	   obtained	   from	   animal	   and	   human	   sleep	   EEG	  
recordings	  will	  be	  presented.	  First,	  effects	  of	  sleep	  deprivation	  (SD)	  and	  pharmacology	  will	  be	  
investigated	   in	   rodent	   sleep	   database.	   Next,	   effects	   of	   ageing,	   sex	   differences	   and	  
pharmacological	  treatments	  will	  be	  reported	  in	  the	  human	  sleep	  databases.	  	  
4.1.   Effects	  of	  Different	  Manipulations	   such	  as	  Sleep	  Deprivation	  and	  Drugs	  on	  
Rodent	  Sleep	  
4.1.1.   Key	  Findings	  
LZC,	   PE	   and	   PLZC	  were	   used	   to	   assess	   how	   rodent	   EEG	   during	   sleep	   is	   affected	   by	   different	  
manipulations	   i.e.,	   baseline	   controlled	   sleep	   deprivation	   and	   placebo	   controlled	   tiagabine	  
administrations.	  	  
LZC	   analyses	   revealed	   significant	   differences	   between	   VS	   (Table	   4.1,	   Figure	   4.1).	   In	   baseline	  
periods	   (i.e.,	   baseline	   light-­‐BL	   and	   baseline	   dark-­‐BD),	   wakefulness	   and	   REM	   sleep	   were	  
characterised	   by	   higher	   complexity	   measures	   compared	   to	   NREM	   sleep.	   Differences	   across	  
complexity	  values	  in	  the	  course	  of	  period	  were	  found	  i.e.,	  higher	  complexity	  values	  towards	  the	  
end	   of	   a	   period.	   LZC	   values	   in	   recovery	   sleep	   following	   SD	   (i.e.,	   recovery	   light-­‐RL)	   were	  
significantly	  lower	  in	  NREM	  sleep	  compared	  to	  the	  other	  periods	  (BL,	  BD	  and	  recovery	  dark-­‐RD)	  
indicating	   a	   further	   reduction	   in	   brain	   activity	   following	   SD.	   Particularly	   in	   the	   first	   five	   time	  
intervals	  in	  RL,	  complexity	  was	  significantly	  lower	  suggesting	  the	  decrease	  in	  brain	  activity	  was	  
prominent	  in	  the	  first	  half	  of	  the	  recovery	  period.	  In	  pharmacological	  treatment,	  complexities	  in	  
the	   first	   three	   time	   intervals	   of	   recovery	   sleep	   were	   significantly	   different.	   Low	   dose	   (LD)	  
tiagabine	   administration	   significantly	   increased	   brain	   activity	   in	   NREM	   sleep	   compared	   to	  
placebo	   (PL)	   and	   high	   dose	   (HD)	   (Table	   4.4,	   Figure	   4.4)	   which	   yielded	   to	   the	   significant	  
difference	  in	  the	  course	  of	  period	  which	  might	  be	  indicating	  that	  this	  drug	  dose	  help	  with	  the	  
compensation	  of	  SD.	  
PE	  and	  PLZC	  analyses	  results,	  similar	  to	  the	  LZC	  analyses	  revealed	  significant	  differences	   in	  VS	  
(Table	  4.2,	  Figure	  4.2	  and	  Table	  4.3,	  Figure	  4.3	  respectively).	   In	  baseline	  periods,	  PE	  and	  PLZC	  
captured	   differences	   in	   the	   brain	   activity	   due	   to	   different	   VS.	   Changes	   in	   complexity	   in	   the	  
course	  of	  periods	  were	  also	  found.	  During	  RL,	  complexity	  in	  NREM	  sleep	  was	  significantly	  lower	  
compared	   to	   baseline.	   Particularly,	   first	   four	   time	   intervals	   (first	   half	   of	   the	   12-­‐h	   period)	  
following	   SD,	   there	   were	   significant	   reduction	   in	   complexity	   suggesting	   a	   decrease	   in	   brain	  
activity.	   This	   was	   found	   to	   be	   a	   consistent	   for	   both	   PE	   and	   PLZC	   results.	   In	   pharmacology	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database,	  complexity	  in	  NREM	  following	  SD	  (i.e.,	  RL)	  was	  significantly	  lower	  than	  other	  periods	  
(Table	   4.5-­‐4.6	   and	   Figure	   4.5-­‐4.6).	   Drug	   effects	   were	   found	   specifically	   for	   LD	   in	   the	   first	  
recovery	  period	  (i.e.,	  RL).	  Complexity	  values	  for	  this	  treatment	  group	  were	  significantly	  higher	  
than	  PL	  and	  HD	  which	  might	  be	   indicating	  this	  drug	  dosage’s	  usability	  with	  the	  compensation	  
for	  the	  SD.	  	  
4.1.2.   Non-­‐Linear	  Complexity	  Real	  vs.	  Surrogate	  Data	  
LZC,	  PE	  and	  PLZC	  were	  performed	  on	  both	  real	  (RTS)	  and	  surrogate	  time	  series	  (STS).	  STS	  were	  
obtained	  as	  described	  in	  Section	  3.3.	  LZC,	  PE	  and	  PLZC	  were	  calculated	  from	  each	  sleep	  episode	  
(4-­‐s)	   and	   averaged	  over	   1.5-­‐h	   intervals	   in	   a	   12-­‐hour	   period.	   All	  methods	  were	  performed	  on	  
four	  different	  periods	   i.e.,	  BL,	  BD,	  RL	  and	  RD.	  Related	  Samples	  Wilcoxon	  Ranked	  Sign	   (RSWS)	  
tests	  were	  performed	  between	  RTS	  and	  STS	  results	  of	  same	  period	  and	  VS	  to	  identify	  non-­‐linear	  
dynamic	  changes	  in	  brain	  activity	  (i.e.,	  results	  obtained	  with	  these	  methods	  reveal	  a	  dynamical	  
change	  but	  not	   a	  mere	  amplitude	   change,	   a	  more	  detailed	  description	  of	   the	   surrogate	  data	  
analysis	  is	  given	  in	  section	  3.3).	  In	  Table	  4.1-­‐4.3	  p-­‐values	  of	  RSWS	  tests	  were	  presented	  for	  LZC,	  
PE	  and	  PLZC	  analysis	  respectively.	  RTS	  and	  STS	  comparisons	  by	  RSWS	  in	  LZC	  revealed	  that	  for	  
the	  majority	  of	  the	  time	  intervals,	  complexity	  in	  brain	  dynamics	  were	  not	  different.	  	  
Table	   4.1.	   Related	   Samples	  Wilcoxon	   Signed	   Test	   between	   real	   (RTS)	   and	   surrogate	   time	   series	   (STS)	  
obtained	  for	  Lempel-­‐Ziv	  complexity	  (Td	  =	  median).	  Significant	  complexity	  (p<0.05)	  are	  marked	  with	  *	  for	  
different	  periods	  (i.e.,	  Baseline	  Light,	  BL;	  Baseline	  Dark,	  BD;	  Recovery	  Light,	  RL;	  Recovery	  Dark,	  RD).	  	  	  	  	  
Time	  Intervals	   1	   2	   3	   4	   5	   6	   7	   8	  
BL	   0.098	   0.166	   0.164	   0.151	   0.145	   0.140	   0.166	   0.130	  
BD	   0.240	   0.039*	   0.065	   0.073	   N/A	   N/A	   N/A	   N/A	  
RL	   0.018*	   0.117	   0.118	   0.091	   0.130	   0.115	   0.133	   0.166	  
RD	   0.129	   0.093	   0.090	   0.124	   0.216	   0.122	   0.136	   0.121	  
In	   Table	   4.2	   and	   4.3	   p	   values	   of	   RSWS	   tests	   of	   PE	   and	   PLZC	   results	   were	   tabulated.	   At	  
confidence	   level	   p	   =	   0.05,	   complexity	   was	   markedly	   different	   in	   the	   majority	   of	   the	   time	  
intervals.	   This	   suggests	   that	   the	   change	   in	   brain	   activity	   at	   the	   course	   of	   the	   period	   were	  
different	  than	  the	  spectral	  changes	  and	  reflected	  changes	  in	  the	  dynamics.	  When	  compared	  to	  
LZC,	   PE	   and	   PLZC	   evaluated	   dynamics	   of	   the	   brain	   activity	   whereas,	   LZC	  might	   be	   detecting	  
changes	  in	  the	  amplitude	  as	  a	  direct	  consequence	  of	  spectral	  changes.	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Table	   4.2.	   Related	   Samples	  Wilcoxon	   Signed	   test	   between	   real	   (RTS)	   and	   surrogate	   time	   series	   (STS)	  
obtained	   for	   Permutation	   entropy	   (m	   =	   1,	   τ	   =	   1).	   Significant	   differences	   in	   complexity	   (p	   <	   0.05)	   are	  
marked	   with	   *	   for	   different	   periods	   (i.e.,	   Baseline	   Light,	   BL;	   Baseline	   Dark,	   BD;	   Recovery	   Light,	   RL;	  
Recovery	  Dark,	  RD).	  
Time	  Intervals	   1	   2	   3	   4	   5	   6	   7	   8	  
BL	   0.022*	   0.036*	   0.030*	   0.049*	   0.062	   0.029*	   0.063	   0.027*	  
BD	   0.028*	   0.020*	   0.008*	   0.102	   N/A	   N/A	   N/A	   N/A	  
RL	   0.051	   0.085	   0.057	   0.010*	   0.047*	   0.017*	   0.044*	   0.037*	  
RD	   0.033*	   0.062	   0.059	   0.014*	   0.019*	   0.034*	   0.098	   0.027*	  
	  
Table	   4.3.	   Related	   Samples	  Wilcoxon	   Signed	   Test	   between	   real	   (RTS)	   and	   surrogate	   time	   series	   (STS)	  
obtained	   for	   Permutation	   Lempel-­‐Ziv	   complexity	   (m	   =	   1,	   τ	   =	   1).	   Significant	   complexity	   (p	   <	   0.05)	   are	  
marked	   with	   *	   for	   different	   periods	   (i.e.,	   Baseline	   Light,	   BL;	   Baseline	   Dark,	   BD;	   Recovery	   Light,	   RL;	  
Recovery	  Dark,	  RD).	  	  	  	  	  
Time	  Intervals	   1	   2	   3	   4	   5	   6	   7	   8	  
BL	   0.029*	   0.046*	   0.033*	   0.066	   0.069	   0.032*	   0.063	   0.029*	  
BD	   0.039*	   0.028*	   0.016*	   0.206	   N/A	   N/A	   N/A	   N/A	  
RL	   0.051	   0.092	   0.060	   0.008*	   0.057	   0.031*	   0.046*	   0.047*	  
RD	   0.042*	   0.073	   0.072	   0.018*	   0.021*	   0.043*	   0.101	   0.027*	  
In	  Figure	  4.1,	  changes	   in	  LZC	  values	   in	  different	  VS	  were	  plotted	  in	  RTS	  and	  STS	  in	  all	  periods.	  
Complexity	   in	  REM	  sleep	  was	   lower	   than	   in	  wakefulness,	  but	  higher	   than	  NREM	  sleep.	  NREM	  
sleep	  was	  characterised	  by	  the	   lowest	  complexity.	  This	  was	  consistent	   in	  all	  periods	  reflecting	  
lower	  brain	  activity	  during	  NREM	  sleep	  compared	  to	  wakefulness	  and	  REM	  sleep.	  There	  were	  
almost	  no	  changes	  in	  complexity	  between	  RTS	  and	  STS	  in	  LZC	  analysis	  (Table	  4.1).	  This	  suggests	  
that	   LZC	   analysis	   was	   affected	   by	   the	   spectral	   changes.	   In	   Figures	   4.2	   and	   4.3,	   changes	   in	  
complexity	  measured	  by	  PE	  and	  PLZC	  were	  plotted	  in	  both	  RTS	  and	  STS	  in	  all	  periods.	  Similar	  to	  
LZC,	   wakefulness	   was	   characterised	   by	   the	   highest	   complexity.	   NREM	   and	   REM	   sleep	   were	  
found	   to	   be	   similar	   to	   LZC	   analysis;	   REM	   sleep	  was	   characterised	   by	   higher	   complexity	   than	  
NREM	  sleep	  suggesting	  brain	  activity	  during	  REM	  sleep	  was	  more	  complex	   than	  NREM	  sleep.	  
Additionally,	   there	  were	  significant	  differences	  between	  RTS	  and	  STS	   in	  PE	  and	  PLZC	  analyses	  
(Table	  4.2	  and	  Table	  4.3)	  which	  suggest	  that	  both	  PE	  and	  PLZC	  reflected	  changes	   in	  the	  brain	  
dynamics.	  	  
On	   the	   lower	  panels	  of	   Figure	  4.1-­‐4.3;	   LZC,	  PE	  and	  PLZC	  values	  were	  plotted	   in	  BL	  and	  RL	   to	  
show	  the	  differences	  in	  complexity	  obtained	  by	  these	  methods	  in	  each	  VS.	  Similar	  to	  the	  upper	  
panel	  representations,	  complexity	  values	  which	  were	  evaluated	  from	  RTS	  and	  STS	  were	  plotted.	  
In	   the	   lower	   panels	   of	   Figure	   4.1,	   complexity	   in	   wakefulness	   and	   NREM	   sleep	   were	   not	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significantly	  different	  (black	  error	  bars	  in	  STS	  and	  red	  error	  bars	  in	  RTS)	  and	  yielded	  to	  the	  high	  
p	  values	  computed	  by	  RSWS	  in	  LZC	  analysis.	  	  
	  
Figure	   4.1.	   LZC	   (Td	   =	  median)	   values	   at	   the	   course	   of	   electroencephalogram	   (EEG)	   recordings	   in	   all	  
periods.	   (A)	   LZC	   values	   obtained	   from	   real	   (RTS)	   and	   surrogate	   time	   series	   (STS)	   are	   plotted	   in	  
wakefulness	  ( ),	  NREM	  ( )	  and	  REM	  sleep	  ( ).	  Recordings	  start	  at	  light	  onset	  (i.e.,	  Baseline	  Light	  
period)	   and	   continued	  with	   baseline	   recordings	   at	   dark	   (i.e.,	   Baseline	   Dark).	   Baseline	   recordings	  were	  
followed	  by	  the	  recordings	  of	  recovery	  sleep	  at	  light	  (Recovery	  Light)	  and	  dark	  (Recovery	  Dark).	  (B,	  C)	  LZC	  
values	   (Mean	   ±	   SEM;	   red	   in	   RTS,	   black	   in	   STS)	   periods	   in	   each	   vigilance	   state	   during	   BL	   and	   RL	  
respectively	  (Adapted	  from	  (Tosun	  et	  al.,	  2017)11).	  
On	   the	   other	   hand,	   at	   the	   lower	   panels	   of	   Figure	   4.2	   and	   Figure	   4.3,	   PE	   and	   PLZC	   analysis	  
reflected	   marked	   differences	   in	   all	   VS	   for	   the	   majority	   of	   the	   time	   intervals.	   Similar	   to	   LZC	  
analysis	  and	  representation	  of	  the	  lower	  panels	  of	  Figure	  4.1,	  error	  bars	  clearly	  reflected	  these	  
significant	  changes	  which	  contributed	  to	  p	  values	  obtained	  in	  Table	  4.2	  and	  4.3.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11	  No	  permission	  was	  required	  to	  reprint	  this	  figure.	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Figure	  4.2.	  PE	  (m	  =	  6,	  t	  =	  1)	  values	  at	  the	  course	  of	  electroencephalogram	  (EEG)	  recordings	  in	  all	  periods.	  
(A)	  PE	  values	  obtained	  from	  real	  (RTS)	  and	  surrogate	  time	  series	  (STS)	  are	  plotted	  in	  wakefulness	  ( ),	  
NREM	   ( )	   and	   REM	   sleep	   ( ).	   Recordings	   start	   at	   light	   onset	   (i.e.,	   Baseline	   Light	   period)	   and	  
continued	  with	   baseline	   recordings	   at	   dark	   (i.e.,	   Baseline	   Dark).	   Baseline	   recordings	  were	   followed	   by	  
recordings	  of	  recovery	  sleep	  at	  light	  (Recovery	  Light)	  and	  dark	  (Recovery	  Dark).	  (B,	  C)	  PE	  values	  (Mean	  ±	  
SEM;	  red	  in	  RTS,	  black	  in	  STS)	  periods	  in	  each	  vigilance	  state	  during	  BL	  and	  RL	  respectively.	  
Significant	   differences	   which	   were	   tabulated	   in	   Table	   4.1-­‐4.3	   and	   plotted	   in	   Figure	   4.1-­‐4.3	  
showed	   that	   there	   were	   differences	   in	   the	   methods	   used.	   All	   three	   methods	   were	   able	   to	  
detect	   changes	   happening	   due	   to	   different	   VS;	   however,	   RSWS	   analyses	   showed	   that	   the	  
complexity	   evaluated	   with	   LZC	   reflected	   spectral	   changes	   in	   the	   brain	   activity.	   Furthermore,	  
RSWS	  analyses	   in	   PE	   and	  PLZC	   resulted	   in	   complexity	   evaluated	  with	   these	  methods	   showed	  
changes	  in	  the	  dynamics	  of	  the	  brain	  activity	  which	  could	  be	  complementary	  to	  linear	  changes.	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Figure	   4.3.	   PLZC	   (m	   =	   6,	   t	   =	   1)	   values	   at	   the	   course	   of	   electroencephalogram	   (EEG)	   recordings	   in	   all	  
periods.	   (A)	   PLZC	   values	   obtained	   from	   real	   (RTS)	   and	   surrogate	   time	   series	   (STS)	   are	   plotted	   in	  
wakefulness	  ( ),	  NREM	  ( )	  and	  REM	  sleep	  ( ).	  Recordings	  start	  at	  light	  onset	  (i.e.,	  Baseline	  Light	  
period)	   and	   continued	  with	   baseline	   recordings	   at	   dark	   (i.e.,	   Baseline	   Dark).	   Baseline	   recordings	  were	  
followed	  by	  recordings	  of	  recovery	  sleep	  at	   light	  (Recovery	  Light)	  and	  dark	  (Recovery	  Dark).	  (B,	  C)	  PLZC	  
values	   (Mean	   ±	   SEM;	   red	   in	   RTS,	   black	   in	   STS)	   periods	   in	   each	   vigilance	   state	   during	   BL	   and	   RL	  
respectively	  (Adapted	  from	  Tosun	  et	  al.,	  2017)12.	  
4.1.3.   Effects	  of	  Sleep	  Deprivation	  
Changes	   at	   the	   results	   of	   LZC,	   PE	   and	   PLZC,	   associated	   with	   sleep	   deprivation	   (SD)	   are	  
presented	  in	  this	  sub-­‐section.	  As	  previously	  explained	  in	  Section	  3.1,	  EEG/EMG	  signals	  of	  7	  male	  
mice	   were	   used	   to	   characterise	   the	   effects	   of	   SD	   on	   brain	   activity	   during	   sleep.	   EEG	   were	  
recorded	   in	   baseline	   and	   recovery	   periods.	   Starting	   with	   the	   light	   onset,	   12-­‐h	   of	   baseline	  
recording	  was	  followed	  by	  the	  dark	  baseline	  recording	  where	  the	  last	  6-­‐h	  of	  this	  period,	  SD	  was	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
12	  No	  permission	  was	  required	  to	  reprint	  this	  figure.	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performed.	  Baseline	  was	  followed	  by	  12-­‐h	   light	  and	  12-­‐h	  dark	  recovery	  sleep	  periods.	  LZC,	  PE	  
and	  PLZC	  values	  were	  calculated	   from	  each	  4-­‐s	  epoch	  and	  averaged	  over	  1.5-­‐h	  time	   intervals	  
per	  period.	  These	  complexity	  values	  were	  then	  grouped	  based	  on	  the	  VS	  they	  were	  evaluated	  
from.	  In	  Table	  4.4-­‐4.6,	  averaged	  LZC,	  PE	  and	  PLZC	  values	  were	  presented	  in	  different	  VS	  from	  all	  
periods	  (i.e.,	  Baseline	  Light,	  BL;	  Baseline	  Dark,	  BD;	  Recovery	  Light,	  RL	  and	  Recovery	  Dark,	  RD).	  	  
Effects	   of	   SD	   on	   brain	   activity	   during	   sleep	   were	   investigated	   only	   on	   the	   LZC,	   PE	   and	   PLZC	  
values	   measured	   from	   the	   RTS.	   Repeated	   measures	   analysis	   of	   variance	   (RM-­‐ANOVA)	   was	  
performed	  on	  the	  complexity	  measures	  to	  investigate	  the	  main	  and	  interaction	  effects	  of	  time	  
intervals,	  periods	  and	  VS.	  	  	  
In	   Figure	   4.4,	   at	   the	   left	   panels	   (A-­‐C),	   LZC	   values	   computed	   in	  wakefulness,	   NREM	   and	   REM	  
sleep	   were	   plotted	   in	   all	   periods	   (i.e.,	   BL,	   BD,	   RL	   and	   RD).	   Significantly	   different	   complexity	  
values	  were	  obtained	  for	  different	  VS	  (p	  <	  0.001).	  Averaged	  LZC	  for	  different	  VS	   in	  all	  periods	  
were	  tabulated	  in	  Table	  4.4.	  Furthermore,	  effects	  of	  SD	  were	  investigated	  at	  the	  course	  of	  the	  
period	  together	  with	  the	  period.	  According	  to	  Mauchly’s	  test	  results	  assumptions	  of	  sphericity	  
for	   time	   intervals	   (x2(27)	   =	   1934.10,	   p	   <	   0.001)	   had	   been	   violated	   therefore	   the	   df	   were	  
corrected	  using	  Huynh-­‐Feldt	  estimates	  of	  sphericity	  (e	  =	  0.435).	  Significant	  main	  effect	  of	  time	  
intervals	   (F(3.04,	  155.24)	  =	  23.05,	  p	  <	  0.001)	  were	   found	  suggesting	  brain	  activity	  changes	  at	  
the	  course	  of	  the	  (sleep)	  period	  (i.e.,	  8-­‐hr	  period).	  
Interactions	   including	   ‘Time	   intervals’	   x	   ‘period’,	   ‘Time	   intervals’	   x	   ‘VS’	   x	   ‘Time	   intervals’,	  
‘period’	   x	   ‘VS’	   were	   also	   considered.	   All	   interactions	   were	   found	   to	   be	   significant	   F(9.13,	  
155.24)	  =	  17.51,	  p	  <	  0.001;	  F(6.09,	  155.24)	  =	  4.13,	  p	  =	  0.001	  and	  F(12.18,	  155.24)	  =	  4.59,	  p	  <	  
0.001	  respectively.	  Furthermore,	  2-­‐sided	  Dunnett’s	   test	  and	  Bonferroni	   tests	  were	  performed	  
comparing	  periods	  (i.e.,	  BL,	  BD,	  RL	  and	  RD)	  for	  different	  VS.	  Due	  to	  SD	  performed	  at	  the	  second	  
half	   of	   BD,	   there	   were	   missing	   sleep	   episodes	   (e.g.,	   NREM	   and	   REM)	   at	   this	   period.	   While	  
contrasts	   were	   applied	   for	   pairwise	  multiple	   comparisons,	   results	   used	   in	   the	   analyses	  were	  
estimated	   from	   modified	   population	   marginal	   means	   with	   Bonferroni	   adjustment.	   When	  
comparing	  different	  periods,	  same	  light	  conditions	  were	  used	  (e.g.,	  BL	  and	  RL;	  BD	  and	  RD).	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Table	   4.4.	   Averaged	   LZC	   (Td	  =	  median)	   values	   in	   each	   VS	   during	   baseline	   light	   (BL)	   and	   dark	   (BD)	   and	  
recovery	  light	  (RL)	  and	  dark	  periods	  (RD)	  in	  real	  time	  series	  (RTS)	  and	  surrogate	  time	  series	  (STS)13.	  	  
Period/VS	   Wakefulness	   NREM	  Sleep	   REM	  Sleep	  
Baseline	  Light	  RTS	  (Mean	  ±	  SEM)	   0.514±0.007	   0.407±0.006	   0.476±0.004	  
Baseline	  Dark	  RTS	  (Mean	  ±	  SEM)	   0.528±0.007	   0.399±0.007	   0.473±0.005	  
Recovery	  Light	  RTS	  (Mean	  ±	  SEM)	   0.481±0.013	   0.373±0.004	   0.463±0.008	  
Recovery	  Dark	  RTS	  (Mean	  ±	  SEM)	   0.512±0.013	   0.413±0.005	   0.477±0.007	  
Due	  to	  insufficient	  sleep	  episodes	  during	  BD,	  the	  later	  comparison	  was	  not	  performed.	  BL	  and	  
RL	  comparisons	  were	  completed	  where	  the	  effects	  of	  SD	  would	  be	  compensated	  at	  the	  period	  
following	  SD.	  According	  to	  Dunnett’s	  test,	  LZC	  values	  in	  BL	  were	  significantly	  higher	  compared	  
to	  RL	  (p=.017).	  Furthermore,	  Bonferroni	  comparisons	  of	  LZC	  at	  different	  time	  intervals	  revealed	  
that	   in	  the	  first	  five	  time	  intervals,	  complexities	  were	  significantly	   lower	  in	  RL	  compared	  to	  BL	  
(time	  intervals	  1	  to	  5,	  F(3,51)	  =	  14.76,	  p	  <	  0.001,	  r	  =	  0.825;	  F(3,51)	  =	  18.23,	  p	  <	  0.001,	  r	  =	  0.795;	  
F(3,51)	  =	  10.20,	  p	  <	  0.001,	  r	  =	  0.790;	  F(3,51)	  =	  14.76,	  p	  =	  0.003,	  r	  =	  0.833	  and	  F(3,51)	  =	  14.76,	  p	  
=0	  .030,	  r	  =	  0.820	  respectively).	  Effects	  of	  SD	  on	  the	  brain	  complexity	  at	  the	  time	  course	  of	  the	  
period	  were	  also	  demonstrated	  on	  the	  right	  panels	  of	  the	  Figure	  4.4	  (E-­‐F).	  	  Significant	  changes	  
in	  brain	  activity	  during	  VS	  were	  characterised	  by	  LZC.	  	  
As	  previously	  mentioned	  wakefulness	  and	  REM	  sleep	  were	  characterised	  by	  higher	  LZC	  values	  
compared	  to	  NREM	  sleep.	  The	  effects	  of	  SD	  on	  brain	  activity	  were	  more	  pronounced	  in	  NREM	  
sleep.	  This	  was	  supported	  by	  RM-­‐ANOVA	  analysis.	  LZC	  values	  computed	   in	  BL	  and	   in	  RL	  were	  
significantly	  different	  from	  each	  other.	  Also	  on	  Figure	  4.4(D),	  effects	  of	  SD	  on	  NREM	  sleep	  could	  
be	  observed	  with	  the	  further	  decrease	  in	  LZC	  in	  RL	  which	  suggest	  the	  further	  reduction	  in	  brain	  
activity	  due	  to	  compensation	  occurs	  in	  this	  period.	  	  
PE	  and	  PLZC	  analyses	  were	  found	  to	  be	  consistent	  with	  the	  LZC	  analysis	  on	  brain	  activity.	  Similar	  
to	  LZC,	  effects	  of	  SD	  on	  brain	  activity	  were	  investigated	  with	  RM-­‐ANOVA.	  In	  Table	  4.5	  and	  4.6,	  
averaged	   PE	   and	   PLZC	   values	   computed	   in	   different	   VS	   and	   periods	   were	   given.	   Per	   usual,	  
significant	  differences	  at	  complexity	  in	  different	  VS	  were	  found	  within	  periods	  (p	  <	  0.001	  for	  all	  
VS	   in	   both	   PE	   and	   PLZC).	   PE	   and	   PLZC	   values	   obtained	   for	   different	   VS	   per	   period	  were	   also	  
investigated	  at	   the	   time	  course	  of	   the	  period.	  PE	  analysis	   results	  were	   investigated	  with	  RM-­‐
ANOVA	  as	  previously	  described.	  According	   to	  Mauchly’s	   test	   results	   assumptions	  of	   sphericiy	  
for	   time	   intervals	   (x2(27)	   =	   391.73,	   p	   <	   0.001)	   had	   been	   violated	   therefore	   the	   df	   were	  
corrected	  using	  Huynh-­‐Feldt	  estimates	  of	  sphericity	  (e	  =	  0.272).	  Significant	  main	  effect	  of	  time	  
intervals	  F(1.91,	  97.24)	  =	  17.27,	  p	  <	  0.001)	  were	  found.	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Table	   4.5.	   Averaged	   PE	   (m	   =	   6,	   t	   =	   1)	   values	   in	   each	   VS	   during	   baseline	   light	   (BL)	   and	   dark	   (BD)	   and	  
recovery	  light	  (RL)	  and	  dark	  periods	  (RD).	  Real	  time	  series	  (RTS);	  surrogate	  time	  series	  (STS)14.	  
Period/VS	   Wakefulness	   NREM	  Sleep	   REM	  Sleep	  
Baseline	  Light	  RTS	  (Mean	  ±	  SEM)	   0.634±0.001	   0.570±0.001	   0.614±0.001	  
Baseline	  Dark	  RTS	  (Mean	  ±	  SEM)	   0.636±0.001	   0.580±0.003	   0.608±0.004	  
Recovery	  Light	  RTS	  (Mean	  ±	  SEM)	   0.624±0.004	   0.556±0.004	   0.601±0.006	  
Recovery	  Dark	  RTS	  (Mean	  ±	  SEM)	   0.633±0.002	   0.575±0.002	   0.608±0.004	  
Similar	   to	  LZC,	   interactions	   including,	   ‘Time	   intervals’	  x	   ‘period’,	   ‘Time	   intervals’	  x	   ‘VS’	  x	   ‘Time	  
intervals’,	   ‘period’	   x	   ‘VS’	   were	   also	   considered.	   All	   interactions	   were	   found	   to	   be	   significant	  
F(5.72,	  97.24)	  =	  12.34,	  p	  <	  0.001;	  F(3.81,	  97.24)	  =	  4.13,	  p	  =	  0.049	  and	  F(7.62,	  97.24)	  =	  2.20,	  p	  =	  
0.036	   respectively.	   To	   break	   down	   these	   interactions,	   contrasts	   were	   performed	   comparing	  
periods	   i.e.,	   BL,	   BD,	   RL	   and	   RD	   for	   different	   VS.	   Due	   to	  maintained	   wakefulness	   (SD)	   of	   the	  
subjects,	  there	  were	  missing	  sleep	  episodes	  (e.g.,	  NREM	  and	  REM)	  in	  BD.	  Therefore,	  BD	  and	  RD	  
comparisons	  were	  not	  performed	  similar	  to	  LZC	  analysis.	  According	  to	  Dunnett’s	  test,	  PE	  values	  
obtained	   in	   BL	   were	   significantly	   higher	   compared	   to	   RL	   (p<.001).	   Furthermore,	   Bonferroni	  
comparisons	   of	   time	   intervals	   revealed	   that	   in	   the	   first	   four	   time	   intervals,	   PE	   results	   were	  
significantly	  lower	  in	  RL.	  For	  time	  intervals	  1	  to	  4,	  F(3,60)	  =	  12.66,	  p	  <	  0.001,	  r	  =	  0.835,	  F(3,60)	  =	  
12.81,	  p	  <	  0.001,	  r	  =	  0.802,	  F(3,60)	  =	  10.34,	  p	  <	  0.001,	  r	  =	  0.903	  and	  F(3,60)	  =	  4.93,	  p	  =	  0.004,	  r	  
=	  0.949	  were	  calculated	  respectively.	  Additionally,	  wake	  chosen	  as	   the	  control	  group,	  2-­‐sided	  
Dunnett’s	   test	   revealed	   significant	   differences	   across	   VS.	   PE	   results	   of	   both	  NREM	   sleep	   and	  
REM	  sleep	  were	  significantly	  lower	  (p	  <	  0.001)	  than	  wakefulness.	  This	  was	  also	  supported	  with	  
Bonferroni	  multiple	  comparisons.	  In	  Figure	  4.5	  (A-­‐C),	  PE	  values	  in	  wakefulness,	  NREM	  sleep	  and	  
REM	  sleep	  were	  plotted	  at	  the	  time	  course	  of	  the	  period.	  In	  Figure	  4.5	  (E-­‐F),	  significant	  effects	  
of	  SD	  on	  the	  brain	  activity	  were	  illustrated	  in	  the	  first	  four	  time	  intervals.	  	  
Similarly	   at	   PLZC,	   time	   course	   were	   found	   to	   have	   a	   significant	   (F(1.83,	   93.49)	   =	   18.69,	   p	   <	  
0.001)	  effect	  on	  the	  change	  of	  the	  complexity.	  According	  to	  Mauchly’s	  test	  results	  assumptions	  
of	  sphericity	  for	  time	  intervals	  (x2(27)	  =	  403.16,	  p	  <	  0.001)	  had	  been	  violated	  therefore	  the	  df	  
were	  corrected	  using	  Huynh-­‐Feldt	  estimates	  of	  sphericity	  (e	  =	  0.262).	  	  
In	   Table	   4.6,	   averaged	  PLZC	   values	  were	   tabulated	  per	  VS	   in	   all	   periods	  and	   these	  were	   also	  
plotted	   in	   Figure	   1.6	   (A-­‐C).	   Similarly	   to	   PE	   analysis,	   significant	   interactions	   of	   time	   intervals,	  
periods	  and	  VS	  were	  found	  (F(5.50,	  93.49)	  =	  11.62,	  p	  <	  0.001;	  F(3.67,	  93.49)	  =	  2.25,	  p	  =	  0.075	  
and	  F(7.33,	  93.49)	  =	  2.12,	  p	  =	  0.047).	  According	  to	  the	  contrasts	  analysis,	  significant	  effects	  of	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SD	   were	   observed	   in	   RL	   compared	   to	   BL	   (p	   <	   0.001).	   Furthermore,	   significantly	   lower	   PLZC	  
values	  were	  found	  at	  the	  time	  intervals	  1-­‐4	  in	  RL.	  For	  time	  intervals	  1	  to	  4,	  F(3,60)	  =	  11.33,	  p	  <	  
0.001,	  r	  =	  0.800,	  F(3,60)	  =	  11.72,	  p	  <	  0.001,	  r	  =	  0.776,	  F(3,60)	  =	  10.46,	  p	  <	  0.001,	  r	  =	  0.905	  and	  
F(3,60)	  =	  4.40,	  p	  =	  0.008,	  r	  =	  0.941	  were	  calculated	  respectively.	  Additionally,	  NREM	  chosen	  as	  
the	  control	  group,	  Dunnett’s	  test	  revealed	  significant	  differences	  across	  VS.	  PLZC	  results	  of	  both	  
wake	  and	  REM	  stages	  are	  found	  to	  be	  significantly	  higher	  (p	  <	  0.001)	  than	  NREM.	  This	  was	  also	  
found	  with	  Bonferroni	  multiple	  comparison	  tests.	  
Table	  4.6.	  Averaged	  PLZC	   (m	  =	  6,	  t	  =	  1)	  values	   in	  each	  VS	  during	  baseline	   light	   (BL)	  and	  dark	   (BD)	  and	  
recovery	  light	  (RL)	  and	  dark	  periods	  (RD)15.	  	  
Period/VS	   Wakefulness	   NREM	  Sleep	   REM	  Sleep	  
Baseline	  Light	  RTS	  (Mean	  ±	  SEM)	   0.733±0.001	   0.671±0.002	   0.711±0.002	  
Baseline	  Dark	  RTS	  (Mean	  ±	  SEM)	   0.734±0.002	   0.681±0.004	   0.705±0.004	  
Recovery	  Light	  RTS	  (Mean	  ±	  SEM)	   0.723±0.004	   0.656±0.003	   0.698±0.007	  
Recovery	  Dark	  RTS	  (Mean	  ±	  SEM)	   0.732±0.002	   0.675±0.002	   0.705±0.004	  
	  Both	  PE	  and	  PLZC	  analyses	  revealed	  similar	  findings	  to	  the	  LZC	  analysis.	  Brain	  activity	  reflected	  
in	  the	  EEG	  were	  characterised	  higher	  in	  wakefulness	  and	  REM	  sleep	  compared	  to	  NREM	  sleep.	  
This	   suggested	   that	   brain	   is	  more	   activity	   in	  wakefulness	   and	  REM	   sleep	   compared	   to	  NREM	  
sleep,	  hence,	   the	   terminology	   ‘activated	  brain	   states’	   for	   these	  VS.	   In	  NREM	  sleep,	   increased	  
levels	  of	  slow	  wave	  activity	  with	  pronounced	  delta	  activity	  were	  reported	  in	  spectral	  analyses	  of	  
sleep	   EEG.	   Especially	   during	   recovery	   following	   SD,	   significantly	   increased	   levels	   of	   SWA	  
compared	  to	  baseline	  were	  reported	  (detailed	  in	  Section	  3.2.1).	  Spectral	  analysis	  was	  required	  
to	  confirm	  increased	  levels	  of	  SWA,	  however,	  significant	  reduction	  at	  the	  computed	  complexity	  
in	   NREM	   during	   RL	   might	   be	   reflecting	   this.	   SWA	   usually	   reflected	   as	   high	   amplitude,	   low	  
frequency	  waves	   in	   the	  EEG	  and,	   these	  waves	  were	   found	   to	  be	  a	   consequence	  of	   increased	  
synchronisation	   of	   the	   neurons	   (Streiade,	   2006).	   Therefore,	   in	   LZC,	   PE	   and	   PLC	   analyses,	  
symbolisation	  of	  these	  signals	  resulted	  in	  reduced	  emergences	  of	  new	  patterns	  and,	  decreased	  
the	  complexity	  value	  calculated	  from	  the	  signals.	  When	  complexity	  values	  computed	  in	  BL	  and	  
in	  RL	  were	  compared,	  significantly	  lower	  complexity	  values	  were	  evaluated	  in	  NREM.	  All	  three	  
methods	  were	  able	  to	  characterise	  the	  reduced	  brain	  activity	  in	  RL	  following	  SD.	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
15	  Tables	  containing	  all	  results	  were	  presented	  in	  Appendix	  3.	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Figure	  4.4.	  LZC	  (Td	  =	  median)	  values	  in	  the	  course	  of	  EEG/EMG	  recordings	  in	  periods	  Baseline	  Light	  ( 	  
left	   panel	   graphs,	   	  right	   panels)	   BL;	   Baseline	   Dark	   ( ,	   	  )	   BD;	   Recovery	   Light	   ( ,	   )	   RL;	  
Recovery	   Dark	   ( ,	   	  )	   RD.	   A,	   B,	   C:	   Changes	   at	   complexity	   in	   wakefulness,	   NREM	   and	   REM	   sleep	  
respectively	  were	  plotted	  over	  the	  bout	  of	  periods.	  D,	  E,	  F:	  Significantly	  different	  LZC	  values	  found	  in	  the	  
first	  five	  time	  intervals.	  	  
Chapter	  4	  –	  Results	  
61	  
Pinar	  Deniz	  Tosun,	  2018	  
	  
	  
Figure	  4.5.	  PE	  (m	  =	  6,	  τ	  =	  1)	  values	  in	  the	  course	  of	  EEG/EMG	  recordings	  in	  periods	  Baseline	  Light	  ( 	  
left	   panel	   graphs,	   	  right	   panels)	   BL;	   Baseline	   Dark	   ( ,	   	  )	   BD;	   Recovery	   Light	   ( ,	   )	   RL;	  
Recovery	   Dark	   ( ,	   	  )	   RD.	   A,	   B,	   C:	   Changes	   at	   complexity	   in	   wakefulness,	   NREM	   and	   REM	   sleep	  
respectively	  were	  plotted	  over	  the	  bout	  of	  periods.	  D,	  E,	  F:	  Significantly	  different	  PE	  values	  were	  found	  in	  
the	  first	  four	  the	  time	  intervals.	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Figure	  4.6.	  PLZC	  (m	  =	  6,	  τ	  =	  1)	  values	  in	  the	  course	  of	  EEG/EMG	  recordings	  in	  periods	  Baseline	  Light	  ( 	  
left	   panel	   graphs,	   	  right	   panels)	   BL;	   Baseline	   Dark	   ( ,	   	  )	   BD;	   Recovery	   Light	   ( ,	   )	   RL;	  
Recovery	   Dark	   ( ,	   	  )	   RD.	   A,	   B,	   C:	   Changes	   at	   complexity	   in	   wakefulness,	   NREM	   and	   REM	   sleep	  
respectively	  were	  plotted	  over	  the	  bout	  of	  periods.	  D,	  E,	  F:	  Significantly	  different	  PLZC	  values	  were	  found	  
in	  the	  first	  four	  time	  intervals	  (Tosun	  et	  al.,	  2017)16.	  
4.1.4.   Effects	  of	  Pharmacological	  Treatments	  
Changes	   on	   the	   LZC,	   PE	   and	   PLZC	   results	   associated	  with	   pharmacological	  manipulations	   are	  
presented	   in	   this	   sub-­‐section.	   As	   previously	   described	   in	   Section	   2.3,	   tiagabine	   is	   a	   hypnotic	  
which	  is	  widely	  used	  in	  epilepsy	  and	  depression	  (Matos	  et	  al.,	  2011).	  Tiagabine	  improves	  SWA	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
16	  No	  permission	  was	  required	  to	  reprint	  this	  figure.	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without	  changing	  the	  temporal	  structure	  of	  sleep-­‐wake	  cycle	  (Walsh,	  2009).	  Therefore,	   it	  was	  
proposed	  that	  different	  doses	  of	  Tiagabine	  could	  help	  alleviate	  effects	  of	  SD	  and	  contribute	  to	  a	  
faster	   recovery	   from	   SD.	   To	   investigate	   this,	   subjects	   were	   first	   sleep	   deprived	   for	   6	   hours;	  
immediately	  after	  SD	  (i.e.,	  recovery	  light	  period),	  subjects	  were	  administered	  either	  a	  low	  dose	  
(LD-­‐1mg/kg),	   high	   dose	   (HD-­‐2mg/kg)	   Tiagabine	   Hydrochloride	   solution	   or	   placebo	   (PL-­‐0.9%	  
saline)	  in	  a	  randomised	  protocol.	  The	  effects	  of	  Tiagabine	  on	  the	  complexity	  were	  investigated	  
both	   in	   light	  and	  dark	   recovery	  periods.	  A	  detailed	  description	  of	   the	  procedure	  was	  given	   in	  
Section	   3.1,	   24-­‐h	   recovery	   period	   (12-­‐h	   light	   and	   12-­‐h	   dark),	   was	   recorded	   during	   when	  
subjects	  were	  allowed	  to	  sleep	  ad	  libitum.	  
Similar	   to	   previous	   section,	   LZC,	   PE	   and	   PLZC	   were	   computed	   in	   4-­‐s	   epochs	   over	   12-­‐h	   long	  
periods	  (i.e.,	  RL	  and	  RD)	  under	  pharmacological	  manipulations	  (i.e.,	  PL,	  LD	  and	  HD).	  LZC,	  PE	  and	  
PLZC	   results	   were	   averaged	   over	   1.5-­‐h	   time	   intervals	   and	   grouped	   according	   to	   the	   VS	   and	  
pharmacological	   manipulation.	   These	   values	   were	   given	   in	   Table	   4.7-­‐4.9	   where	   significantly	  
different	   drug	   doses	   were	  marked.	   Additionally,	   effects	   of	   drugs	   were	   also	   at	   the	   course	   of	  
periods.	  In	  Figure	  4.7-­‐4.9,	  changes	  at	  the	  LZC,	  PE	  and	  PLZC	  values	  were	  plotted	  in	  PL,	  LD	  and	  HD	  
only	   in	   RL	   for	   LZC,	   PE	   and	   PLZC	   respectively.	   Effects	   of	   drug,	   VS	   and	   time	   intervals	   were	  
investigated	  only	  on	   the	  LZC,	  PE	  and	  PLZC	   results	  obtained	   from	  real	   time	  series.	  RM-­‐ANOVA	  
was	  used	  to	  determine	  the	  effects	  of	  different	  dosage	  of	  drug	  administration	  following	  SD.	  
In	  Figure	  4.7,	  (A-­‐C)	  LZC	  values	  were	  plotted	  in	  wakefulness,	  NREM	  and	  REM	  sleep	  in	  RL	  for	  all	  
pharmacological	  manipulations	   (i.e.,	   PL,	   LD	   and	   HD).	   Significantly	   different	   complexity	   values	  
were	  obtained	   for	  different	  VS	   (p	   <	  0.001),	  which	   suggests	   that	   the	  drug	  does	  not	   affect	   the	  
structure	  of	  generating	  brain	  activity	  in	  different	  VS.	  Averaged	  LZC	  values	  were	  given	  in	  Table	  1	  
for	  different	  drug	  treatments.	  Based	  on	  the	  values	  given,	  effects	  of	  drug	  administration	  on	  the	  
brain	  complexity	  during	  sleep	  were	   investigated.	  According	   to	  Mauchly’s	   test,	  assumptions	  of	  
sphericity	   for	   time	   intervals	   (x2(27)	   =	   172.86,	   p	   <	   0.001)	   had	   been	   violated	   therefore	   the	  
degrees	  of	  freedom	  (df)	  were	  corrected	  using	  Huynh-­‐Feldt	  estimates	  of	  sphericity	  (ε	  =	  0.492).	  
Significant	   main	   effect	   of	   time	   intervals	   (F(3.44,	   158.29)	   =	   109.25,	   p	   <	   0.001)	   were	   found	  
suggesting	  brain	  activity	  changes	  at	  the	  course	  of	  the	  sleep	  period.	  
Interactions	  including;	  ‘Time	  intervals’	  x	  ‘Treatments’	  and	  ‘Time	  intervals’	  x	  ‘Treatments’	  x	  ‘VS’	  
were	   also	   considered	   to	   determine	   whether	   the	   complexity	   changed	   due	   to	   VS	   or	   to	   the	  
treatment.	  All	  interactions	  were	  significant	  (F(6.88,	  158.29)	  =	  4.64,	  p	  <	  0.001);	  (F(6.88,	  158.29)	  
=	  22.14,	  p	  <	  0.001)).	  Post-­‐hoc	  tests	  showed	  that	  LZC	  values	  were	  higher	  during	  RL	  but	  were	  not	  
different	   in	  RD	  (p	  =	  0.093)	  suggesting	  that	  the	  effects	  of	  the	  drug	  can	  no	   longer	  be	   identified	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and	   the	   rate	   of	   change	   in	   the	   complexity	   values	   obtained	   were	   similar	   to	   placebo	   levels.	   In	  
Table	  4.7,	  averaged	  LZC	  values	  were	  given	  in	  RL	  and	  RD	  where	  these	  changes	  and	  non-­‐changes	  
could	  be	  observed.	  	  
Table	  4.7.	  Averaged	  LZC	  values	   in	  all	  VS	  during	  Recovery	  Light	   (RL)	  and	  Recovery	  Dark	  (RD)	   in	  different	  
treatments	  (i.e.,	  Placebo,	  Low	  Dose	  (1mg/kg,	  High	  Dose	  (2mg/kg)	  Tiagabine))17.	  
Periods	   Recovery	  Light	   Recovery	  Dark	  
Treatment	   Vigilance	  States	   Mean	   SEM	   Mean	   SEM	  
Placebo	   Wake	   0.481	   0.008	   0.512	   0.003	  
Non-­‐REM	   0.373	   0.014	   0.413	   0.004	  
REM	   0.463	   0.009	   0.479	   0.004	  
Low	  Dose	   Wake	   0.489	   0.005	   0.508	   0.004	  
Non-­‐REM	   0.392	   0.012	   0.410	   0.005	  
REM	   0.487	   0.005	   0.481	   0.006	  
High	  Dose	   Wake	   0.496	   0.007	   0.521	   0.003	  
Non-­‐REM	   0.375	   0.014	   0.412	   0.005	  
REM	   0.463	   0.008	   0.469	   0.005	  
Furthermore,	  significantly	  higher	  LZC	  values	  were	  computed	  in	  treatment	  LD	  in	  the	  first	  three	  
time	   intervals.	   LD	   increased	   computed	   complexity	   in	   time	   intervals	   1-­‐3	   (F(2,55)	   =	   3.63,	   p	   =	  
0.034,	   r	   =	   0.838)	   in	   time	   interval	   1;	   F(2,55)	   =	   6.29,	   p	   =	   0.004,	   r	   =	   0.732)	   in	   time	   interval	   2;	  
F(2,55)	   =	   3.94,	   p	   =	   0.026,	   r	   =	   0.780	   in	   time	   interval	   3).	   Furthermore,	   effects	   of	   drug	  
administration	   were	   more	   pronounced	   than	   the	   effects	   of	   VS	   (RM-­‐ANOVA,	   Factors:	   ‘Time	  
Intervals’,	   ‘Treatment’,	   ‘VS’,	  p	  <	  0.001).	   In	  addition	   to	   this,	  when	  compared	   to	  LZC	  analysis	   in	  
SD,	  changes	  in	  the	  complexity	  at	  the	  course	  of	  the	  period	  were	  different	  in	  treatment.	  Effects	  
of	  SD	  were	  observed	  in	  the	  first	  five	  time	  intervals.	  When	  compared	  to	  PL	  and	  HD,	  LD	  increased	  
complexity	  in	  the	  first	  3	  time	  intervals	  suggesting	  that	  the	  effects	  of	  SD	  were	  alleviated	  faster.	  
In	  Table	  4.8,	  averaged	  PE	  results	  in	  different	  VS,	  Treatments	  and	  periods	  were	  given.	  According	  
to	  these	  averaged	  values,	  similar	  to	  LZC	  analysis,	  RM-­‐ANOVA	  test	  was	  performed	  to	  investigate	  
effects	  of	  Time	  interval,	  VS	  and	  drug	  on	  the	  brain	  activity	  during	  sleep.	  According	  to	  Mauchly’s	  
test	  results	  assumptions	  of	  sphericity	  for	  Time	  intervals	  (x2(27)	  =	  389.24,	  p	  <	  0.001)	  had	  been	  
violated	  therefore	  the	  df	  were	  corrected	  using	  Huynh-­‐Feldt	  estimates	  of	  sphericity	  (ε	  =	  0.271).	  
Main	  effect	  of	  Time	  Intervals	  (F(1.90,	  87.21)=63.81,	  p<.001)	  was	  found	  to	  be	  significant	  on	  the	  
complexity	   measures.	   Similar	   to	   LZC,	   interactions	   ‘Time	   intervals’	   x	   ‘Treatments’	   and	   ‘Time	  
intervals’	  x	  ‘Treatments’	  x	  ‘VS’	  were	  chosen	  as	  factors	  in	  RM-­‐ANOVA	  (F(3.79,	  87.21)	  =	  4.88,	  p	  =	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  in	  Appendix	  4.	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0.002;	   F(3.80,	   87.21)	   =	   9.80,	   p	   <	   0.001	   respectively).	   Contrasts	   were	   applied	   for	   pairwise	  
multiple	   comparisons,	   results	  used	   in	   the	  analyses	  were	  estimated	   from	  modified	  population	  
marginal	  means	  with	  Bonferroni	  adjustment.	  These	  comparisons	  revealed	  that	  in	  the	  first	  four	  
time	  intervals,	  PE	  results	  were	  significantly	  higher	  in	  LD	  compared	  to	  PL	  and	  HD	  (F(2,55)	  =	  6.10,	  
p	  =	  0.004,	  r	  =	  0.744;	  F(2,55)	  =	  6.98,	  p	  =	  0.002,	  r	  =	  0.680;	  F(2,55)	  =	  3.63,	  p	  =	  0.003,	  r	  =	  0.829	  and	  
F(2,55)	  =	  3.63,	  p	  =	  0.024,	  r	  =	  0.859	  respectively).	  	  
	  
Figure	  4.7.	  LZC	  (Td	  =	  median)	  results	  (Mean	  ±	  SEM)	  in	  wakefulness	  (A),	  NREM	  sleep	  (B)	  and	  REM	  sleep	  (C).	  
Time	  Intervals	  1-­‐3,	  marked	  with	  ‘*’	  (RM-­‐ANOVA,	  Factors:	  ‘Time’,	  ‘Treatment’;	  p	  =	  0.004,	  p	  =	  0.034	  and	  p	  
=	  0.026)	  were	  significantly	  higher	  in	  low	  dose	  Tiagabine	  (1mg/kg))	  administration	  compared	  to	  placebo.	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Table	  4.8.	  Averaged	  PE	   values	   in	   all	  VS	  during	  Recovery	   Light	   (RL)	   and	  Recovery	  Dark	   (RD)	   in	  different	  
treatments	   (i.e.,	   Placebo,	   Low	   Dose	   (1mg/kg,	   High	   Dose	   (2mg/kg)	   Tiagabine)).	   Low	   dose	   tiagabine	  
administration	   (marked	   with	   ‘+’)	   was	   found	   to	   increase	   PE	   significantly	   (2-­‐sided	   Dunnett’s	   test,	   p	   =	  
0.002)18.	  
Periods	   Recovery	  Light	   Recovery	  Dark	  
Treatment	   Vigilance	  States	   Mean	   SEM	   Mean	   SEM	  
Placebo	   Wake	   0.624	   0.004	   0.634	   0.001	  
Non-­‐REM	   0.556	   0.006	   0.575	   0.001	  
REM	   0.602	   0.006	   0.609	   0.002	  
Low	  Dose+	   Wake	   0.632	   0.002	   0.634	   0.001	  
Non-­‐REM	   0.570	   0.004	   0.578	   0.002	  
REM	   0.616	   0.003	   0.608	   0.004	  
High	  Dose	   Wake	   0.625	   0.003	   0.634	   0.001	  
Non-­‐REM	   0.555	   0.006	   0.572	   0.001	  
REM	   0.606	   0.005	   0.605	   0.003	  
In	  Figure	  4.8,	  averaged	  PE	  values	  in	  PL,	  LD	  and	  HD	  were	  plotted	  in	  wakefulness,	  NREM	  and	  REM	  
sleep.	   Significantly	   higher	   PE	   were	   marked	   with	   ‘*’	   on	   the	   plots	   A-­‐C	   suggesting	   LD	  
administration	   increased	   brain	   activity	   in	   all	   VS.	   When	   compared	   to	   the	   PE	   analysis	   in	   SD,	  
significant	   differences	   between	   analyses	   were	   found.	   Significant	   differences	   at	   PE	   measures	  
were	  found	  in	  time	  intervals	  #1-­‐4.	  This	  suggested	  that	  the	  effects	  of	  SD	  were	  more	  pronounced	  
in	  the	  first	  half	  of	  the	  sleep	  period	  following	  SD.	  This	  was	  observed	  in	  the	  PE	  analysis	  of	  the	  data	  
which	  was	  manipulated	  by	  drug	  treatment.	  In	  addition	  to	  the	  effect	  of	  SD,	  it	  could	  be	  deduced	  
that	   LD	   had	   a	   complexity	   increasing	   effect	   on	   brain	   activity	   (RM-­‐ANOVA,	   Factors:	   ‘Time	  
Intervals’,	  ‘Treatment’,	  ‘VS’,	  p	  <	  0.001))	  which	  was	  different	  than	  the	  effects	  of	  SD.	  
Furthermore,	  similar	  to	  LZC	  analysis,	  LD	  treatment	  helped	  with	  the	  compensation	  of	  the	  SD	  by	  
increasing	  the	  complexity	  of	  brain	  activity.	  
Similar	   to	   LZC	   and	   PE	   analysis,	   PLZC	   were	   also	   investigated	   using	   RM-­‐ANOVA.	   According	   to	  
Mauchly’s	  test	  results	  assumptions	  of	  sphericity	  for	  Time	  intervals	  (x2(27)	  =	  393.27,	  p	  <	  0.001)	  
had	  been	   violated	   therefore	   the	  df	  were	   corrected	  using	  Huynh-­‐Feldt	   estimates	  of	   sphericity	  
(ε=.264).	   ‘Time	   interval’	   x	   ‘Treatment	   and	   ‘’	   x	   ‘’	   VS‘’	   were	   significant	   similar	   to	   RM-­‐ANOVA	  
results	  of	  LZC	  and	  PE	  values	   (F(1.85,	  84.87)	  =	  60.90,	  p	  <	  0.001	  and	  F(3.69,	  84.87)	  =	  4.83,	  p	  =	  
0.002).	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  Appendix	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Figure	  4.8.	  PE	  (m	  =	  6,	  τ	  =	  1)	  results	  (Mean	  ±	  SEM)	  in	  wakefulness	  (A),	  NREM	  sleep	  (B)	  and	  REM	  sleep	  (C).	  
Time	  Intervals	  1-­‐4,	  marked	  with	   ‘*’	   (RM-­‐ANOVA,	  Factors:	   ‘Time’,	   ‘Treatment’;	  p	  =	  0.004,	  p	  =	  0.002,	  p	  =	  
0.003	  and	  p	  =	  0.024)	  were	  significantly	  higher	  in	  low	  dose	  Tiagabine	  (1mg/kg))	  administration	  compared	  
to	  placebo.	  
In	   Table	   4.9,	   averaged	   PLZC	   values	   were	   tabulated.	   Specifically	   in	   RL,	   following	   SD	   in	   LD	  
treatment	  significant	  increase	  in	  complexity	  in	  all	  VS	  were	  observed	  and	  marked.	  Similar	  to	  LZC	  
and	  PE,	  without	   further	   investigating	   the	  effects	  of	  drugs	  on	   the	   complexity	   at	   the	   course	  of	  
period	  (i.e.,	  Time	  intervals),	  it	  could	  be	  deduced	  that	  PLZC	  reflected	  increased	  brain	  activity	  by	  
significantly	  raised	  complexity	  measures	  computed	  with	  LD	  administration.	  Per	  usual,	  effects	  of	  
drug	   administration	   were	   only	   observed	   in	   the	   first	   recovery	   period	   following	   SD	   (2-­‐sided	  
Dunnett’s	   test,	  p	  =	  0.014).	  Changes	   in	  the	  PLZC	   in	  RD	  were	  consequences	  of	  different	  VS	  and	  
reflected	  high	  complexity	  values	  in	  wakefulness	  and	  REM	  sleep	  compared	  to	  NREM	  sleep.	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Table	   4.9.	   Averaged	   PLZC	   in	   all	   VS	   during	   recovery	   Light	   (RL)	   and	   recovery	   Dark	   (RD)	   in	   different	  
treatments	   (i.e.,	   Placebo,	   Low	   Dose	   (1mg/kg,	   High	   Dose	   (2mg/kg)	   Tiagabine)).	   Low	   dose	   tiagabine	  
administration	   (marked	   with	   ‘$’)	   was	   found	   to	   increase	   PLZC	   significantly	   (2-­‐sided	   Dunnett’s	   test,	   p	   =	  
0.014)19.	  
Periods	   Recovery	  Light	   Recovery	  Dark	  
Treatment	   Vigilance	  States	   Mean	   SEM	   Mean	   SEM	  
Placebo	   Wake	   0.723	   0.003	   0.732	   0.001	  
Non-­‐REM	   0.656	   0.006	   0.675	   0.001	  
REM	   0.698	   0.007	   0.706	   0.002	  
Low	  Dose$	   Wake	   0.729	   0.001	   0.731	   0.001	  
Non-­‐REM	   0.669	   0.004	   0.677	   0.002	  
REM	   0.712	   0.003	   0.704	   0.004	  
High	  Dose	   Wake	   0.725	   0.003	   0.732	   0.001	  
Non-­‐REM	   0.655	   0.006	   0.672	   0.001	  
REM	   0.702	   0.005	   0.703	   0.003	  
When	  contrasts	  were	  applied	   for	  pairwise	  multiple	   comparisons,	   results	  used	   in	   the	  analyses	  
were	  estimated	  from	  modified	  population	  marginal	  means	  with	  Bonferroni	  adjustment.	  Similar	  
to	  PE,	   these	  comparisons	  also	  revealed	  that	   in	   the	   first	   four	   time	   intervals,	  PLZC	  results	  were	  
significantly	  higher	  in	  LD	  compared	  to	  PL	  and	  HD	  (F(2,55)	  =	  5.08,	  p	  =	  0.010,	  r	  =	  0.721;	  F(2,55)	  =	  
6.31,	  p	  =	  0.004,	  r	  =	  0.666;	  F(2,55)	  =	  6.51,	  p	  =	  0.003,	  r	  =	  0.849	  and	  F(2,55)	  =	  3.29,	  p	  =	  0.046,	  r	  =	  
0.882	   respectively).	   These	  differences	  were	  marked	  with	   ‘*’	  on	   the	  Figure	  4.9	   (A-­‐C)	   in	   all	  VS.	  
Significant	   treatment	   effects	   on	   the	   complexity	   values	   were	   found.	   PLZC	   values	   were	  
significantly	  higher	  in	  LD	  compared	  to	  PL	  and	  HD,	  further	  proving	  this	  dosage’s	  increasing	  effect	  
on	  brain	  activity.	  	  	  
Overall,	  all	  of	   the	  analyses	   (LZC,	  PE	  and	  PLZC)	  could	  discriminate	  between	  VS.	  SD	  significantly	  
affected	   brain	   activity,	   particularly	   in	   NREM	   sleep.	   Complexities	   were	   significantly	   lower	   in	  
NREM	   sleep	   compared	   to	   baseline	   levels	   following	   SD.	   In	   addition	   to	   this,	   pharmacological	  
manipulations	  were	  found	  to	  affect	  brain	  activity.	  Low	  dose	  Tiagabine	  administration	  was	  found	  
to	   improve	  compensation	   from	  SD.	  Brain	  activity	   in	  all	  VS	  were	  higher	  and	  complexity	  values	  
were	  increased	  in	  LD	  administration.	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  containing	  all	  results	  were	  presented	  in	  Appendix	  6.	  
Chapter	  4	  –	  Results	  
69	  
Pinar	  Deniz	  Tosun,	  2018	  
	  
Figure	  4.9.	  PLZC	   (m	  =	  6,	  τ	  =	  1)	   results	   (Mean	  ±	  SEM)	   in	  wakefulness	   (A),	  NREM	  sleep	   (B)	  and	  REM	  sleep	   (C).	  Time	  
Intervals	   1-­‐4,	  marked	  with	   ‘*’	   (RM-­‐ANOVA,	   Factors:	   ‘Time’,	   ‘Treatment’;	  p	  =	   0.010,	  p	  =	   0.004,	  p	  =	   0.003	   and	  p	  =	  
0.046)	  were	  significantly	  higher	  in	  low	  dose	  Tiagabine	  (1mg/kg))	  administration	  compared	  to	  placebo.	  
4.2.   Effects	  of	  Alterations	  and	  Manipulations	  on	  Human	  Sleep	  
4.2.1.   Key	  Findings	  
LZC,	  PE	  and	  PLZC	  were	  used	  to	  assess	  how	  human	  EEG	  changes	  during	  sleep	  with	  physiological	  
alterations	   (i.e.,	   ageing	   and	   sex	   differences)	   or	   pharmacological	   manipulations	   (i.e.,	   placebo	  
controlled	  melatonin,	  temazepam	  and	  zolpidem	  administrations).	  	  	  	  
Two	   different	   datasets	  were	   used	   in	   the	   analyses.	   The	   first	   dataset	   consisted	   of	   60	   subjects	  
ageing	  in	  the	  range	  of	  20	  to	  over	  65	  years	  (Table	  3.1,	  age	  groups;	  20-­‐39	  (young),	  40-­‐60	  (middle)	  
and	   65+	   (old)).	   EEG	   were	   recorded	   with	   10-­‐20	   electrode	   placement	   system	   and	   electrode	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derivations	  C3-­‐A2,	  C4-­‐A1,	  O1-­‐A2	  and	  O2-­‐A1	  were	  used	   in	   the	  analyses	   to	  ensure	   consistency	  
with	  the	  previous	  studies	  which	  used	  this	  dataset.	  8-­‐hr	   long	  EEGs	  were	  recorded.	  LZC,	  PE	  and	  
PLZC	   were	   computed	   from	   each	   30-­‐s	   epoch.	   The	   whole	   night	   (i.e.,	   8-­‐hr	   recording)	   were	  
separated	   into	   three	   parts,	   thus,	   LZC,	   PE	   and	   PLZC	   values	   were	   averaged	   into	   thirds	   of	   the	  
whole	  night	  and	  grouped	  according	  to	  VS.	  The	  second	  dataset	  (Table	  3.2)	  consisted	  of	  the	  EEGs	  
of	   16	   subjects	   in	   middle	   age	   group.	   Subjects	   were	   administered	   with	   melatonin	   (2mg),	  
temazepam	  (20mg)	  or	  zolpidem	  (10mg)	   in	  a	  placebo	  controlled	  4-­‐way	  crossover	  study	  (Arbon	  
et	   al.,	   2015).	   8-­‐hr	   long	   EEG	   recordings	   were	   processed	   similar	   to	   the	   first	   dataset	   (i.e.,	  
complexity	  computation	  in	  30-­‐s	  epoch	  in	  thirds	  of	  sleep).	  	  
LZC	   results	   revealed	   significant	   differences	   in	   complexity	   different	   VS.	  Wakefulness	   and	   REM	  
sleep	   were	   characterized	   by	   higher	   LZC	   values	   compared	   to	   NREM	   sleep.	   	   There	   were	  
differences	  at	  the	  time	  course	  of	  sleep.	  LZC	  values	  increased	  towards	  the	  end	  of	  sleep	  because	  
of	  increased	  REM	  sleep	  episodes	  and	  increased	  brain	  activity.	  Ageing	  was	  found	  to	  be	  the	  most	  
significant	   factor	  on	   the	  changes	   in	  brain	  activity.	  Factor	  age	  had	  a	  significant	  effect	  with	   the	  
youngest	  adult	  group	  (ages	  20-­‐39)	  showing	  significantly	  higher	  LZC	  values	  than	  the	  older	  groups	  
(age	  40-­‐60	  and	  65+).	  When	  the	  gender’s	  effects	  were	  investigated,	  LZC	  results	  of	  females	  were	  
significantly	   higher	   than	   males	   specifically	   in	   sleep	   (i.e.,	   N1,	   N2,	   N3	   and	   REM).	   Time	   also	  
influenced	  the	  changes	  on	  the	  complexity.	  In	  pharmacological	  treatment	  analyses,	  a	  few	  of	  the	  
LZC	  values	  changed	  at	  the	  time	  course	  of	  sleep.	  At	  the	  first	  third	  of	  the	  LZC	  in	  NREM	  sleep	  stage	  
2,	   zolpidem	   group	   had	   lower	   complexity	   compared	   to	   placebo,	   due	   to	   suppressed	   spindle	  
activity.	  Additionally,	   at	   the	  3rd	   third	  of	   sleep,	   LZC	   in	  NREM	  sleep	   stage	  3,	   same	  effect	  of	   the	  
drug	  was	  found	  but	  this	  time	  due	  to	  reduced	  SWA.	  
Similar	  to	  LZC	  analysis,	  PE	  and	  PLZC	  results	  also	  revealed	  significant	  differences	  in	  brain	  activity	  
across	   different	   VS.	  Wakefulness	   and	   REM	   sleep	   were	   characterised	   by	   higher	   PE	   and	   PLZC	  
values	  compared	  to	  NREM	  sleep	  as	  a	  result	  of	  increased	  activity.	  In	  the	  analyses	  of	  the	  ageing	  
dataset,	  complexity	  in	  young	  age	  (ages	  20-­‐39)	  was	  higher	  than	  middle	  and	  old	  age	  groups	  (age	  
40-­‐60	  and	  65+).	  When	  the	  gender’s	  effects	  were	   investigated,	  PE	  and	  PLZC	  results	  of	   females	  
were	  significantly	  higher	  than	  males	  specifically	  in	  REM	  sleep	  in	  the	  young	  age	  group	  (20-­‐39).	  In	  
the	   pharmacology	   dataset,	   PE	   and	   PLZC	   values	   changed	   at	   the	   time	   course	   of	   the	   sleep	   and	  
different	   complexity	   were	   found	   across	   VS	   (i.e.,	   higher	   complexity	   in	   wakefulness	   and	   REM	  
sleep	  and	  lower	  complexity	  in	  NREM	  sleep).	  At	  the	  first	  third	  of	  the	  sleep,	  PE	  and	  PLZC	  captured	  
significantly	   lower	  brain	  activity	   in	   the	  placebo	  group	  compared	   to	   temazepam	  and	  zolpidem	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during	   wakefulness	   due	   the	   effects	   of	   drug	   serum	   concentration	   in	   this	   sleep	   period.	   There	  
were	  no	  significant	  effects	  of	  the	  drugs	  on	  the	  brain	  complexity	  were	  captured	  by	  PE	  and	  PLZC.	  
4.2.2.   Effects	  of	  Physiological	  Alterations	  Such	  as	  Ageing	  and	  Sex	  Differences	  
All	   methods	   were	   applied	   on	   both	   real	   (RTS)	   and	   surrogate	   time	   series	   (STS).	   	   STS	   were	  
obtained	  as	  described	  in	  Section	  3.3.	  LZC,	  PE	  and	  PLZC	  were	  calculated	  from	  each	  epoch	  (30-­‐s)	  
and	   averaged	   into	   three	   thirds	   of	   sleep	   from	   an	   8	   hour	   recording.	   This	   was	   carried	   on	   3	  
different	  age	  groups	   i.e.,	   young	   (age	  20-­‐39),	  middle	   (age	  40-­‐60)	  and	  old	  age	   (age	  65+)	  and	  2	  
genders	  (i.e.,	   females	  and	  males)	   in	  4	  different	  electrodes	  (C3,	  C4,	  O1	  and	  O2).	  Similar	  to	  the	  
analyses	  performed	  on	  the	  rodent	  EEG	  dataset,	  Related	  Samples	  Wilcoxon	  Ranked	  Sign	  (RSWS)	  
tests	   were	   performed	   between	   RTS	   and	   STS	   to	   identify	   non-­‐linear	   dynamic	   changes	   in	   the	  
brain.	   Following	   the	   analysis	   between	   RTS	   and	   STS,	   effects	   of	   physiological	   alterations	   were	  
investigated	  on	  LZC,	  PE	  and	  PLZC	  values	  obtained	  from	  the	  RTS	  using	  RM-­‐ANOVA.	  RM-­‐ANOVA	  
was	  performed	  to	  investigate	  the	  main	  and	  interaction	  effects	  of	  age,	  sex,	  VS,	  time	  (i.e.,	  sleep	  
periods,	  thirds	  of	  the	  sleep)	  and	  electrodes.	  
In	  Figure	  4.10-­‐11,	  LZC	  values	  computed	  in	  wakefulness,	  NREM	  and	  REM	  sleep	  were	  plotted	  in	  
thirds	   of	   sleep	   period	   only	   on	   the	   electrode	   C320.	   Following	   RM-­‐ANOVA	   analysis,	   electrode	  
positions	  did	  not	  affect	  the	  computed	  complexity	  values,	  thus,	  figures	  were	  presented	  only	  for	  
the	   complexity	   values	   on	   the	   electrode	   C3.	   In	   the	   previous	   analyses,	   VS	   was	   found	   to	   have	  
significantly	  increasing	  or	  decreasing	  effect	  on	  the	  complexity.	  Similarly,	  LZC	  in	  wakefulness	  and	  
REM	   sleep	  were	   significantly	   higher	   than	   NREM	   sleep	   (p	   <	   0.001).	   Effects	   of	   ageing	   and	   sex	  
differences	   were	   also	   investigated	   at	   the	   time	   course	   of	   the	   sleep	   (1st,	   2nd,	   3rd	   third	   of	   8-­‐hr	  
recording).	   According	   to	   Mauchly’s	   test	   results	   assumptions	   of	   sphericity	   for	   ‘Time’	   (x2(2)	   =	  
6.88,	  p	  =	  0.032),	  VS	  (x2(9)	  =	  194.71,	  p	  <	  0.001)	  and	  ‘VS’	  (x2(35)	  =	  636.07,	  p	  <	  0.001)	  had	  been	  
violated	  therefore	  the	  df	  were	  corrected	  using	  Huynh-­‐Feldt	  estimates	  of	  sphericity	   (e	  =	  1,	  e	  =	  
0.76	  and	  e	  =	  0.48	  respectively).	  Significant	  main	  effects	  of	  ‘Time’	  (F(2,	  240)	  =	  45.00,	  p	  <	  0.001)	  
and	  ‘VS’	  (F(3.03,	  363.83)	  =	  523.94,	  p	  <	  0.001)	  and	  time	  intervals*VS	  were	  found.	  	  
Interactions	   including	   ‘Time’	  x	   ‘VS’,	   ‘Time’	  x	   ‘Age	  groups’,	   ‘Time’	  x	   ‘Sex’,	   ‘VS’	  x	   ‘Sex’	  were	  also	  
considered.	  Most	  importantly,	  VS,	  age	  and	  sex	  differences	  were	  found	  to	  be	  significant	  factors	  
the	   changes	   in	  brain	   activity.	   ‘Time’	   x	   ‘VS’	   (F(3.82,	   458.75)	   =	   42.92,	  p	   <	   0.001),	   ‘Time’	   x	   ‘Age	  
groups’	  (F(4,240)	  =	  3.41,	  p	  =	  0.010)	  and	  ‘Time’	  x	  ‘Sex’	  (F(3.03,	  363.83)	  =	  5.49,	  p	  =	  0.001)	  were	  
significant.	  To	   further	   investigate	   the	  effects,	  post-­‐hoc	   tests	  were	  performed	   to	  compare	  age	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
20	  Complete	  list	  of	  LZC,	  PE	  and	  PLZC	  values	  for	  this	  dataset	  were	  tabulated	  in	  Appendix	  7-­‐9.	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groups	  and	  sex	  differences.	  According	  to	  the	  post-­‐hoc	  tests	  performed,	  the	  LZC	  values	  obtained	  
in	  old	  age	  group	  (65+)	  were	  significantly	  higher	  than	  young	  (20-­‐39)	  and	  middle	  age	  (40-­‐60)	  (2-­‐
sided	  Dunnett’s	   test,	   as	   65+	   is	   the	   control	   groups	   (p	   =	   0.003	   and	  p	   <	   0.001	  were	   obtained))	  
meaning	   as	   humans	   age,	   the	   brain	   activity	   reflected	   in	   the	   EEG	   becomes	   more	   complex.	  
Furthermore,	   significant	   differences	   were	   found	   between	   females	   and	   males,	   specifically	   in	  
sleep	   stages	   (i.e.,	  NREM	  Stage	  1-­‐3	   (N1,	  N2	  and	  N3),	  N2,	  N3	  and	  R;	  p	   =	  0.024,	  p	   =	  0.005,	  p	   =	  
0.014	  and	  p	  =	  0.004	  for	  1st	  third	  of	  the	  sleep,	  p	  <	  0.001,	  p	  =	  0.004,	  p	  =	  0.003	  and	  p	  <	  0.001	  for	  
2nd	  third	  of	  sleep	  respectively	  and	  p	  <	  0.001,	  p	  <	  0.001,	  p	  <	  0.001	  and	  p<	  0.001	  for	  3rd	  thirds	  of	  
the	   sleep.	   time	   interval	   3	   respectively).	   Brain	   activity	   clearly	   changes	   according	   to	   the	   VS.	  
Wakefulness	   and	   REM	   sleep	   were	   characterised	   by	   higher	   LZC	   values	   revealing	   increased	  
complexity	  within	  brain	  activity	  compared	  to	  NREM	  sleep.	  Furthermore,	  the	  changes	  within	  the	  
NREM	   sleep	   stages	   were	   identified	   as	   the	   lowest	   complexity	   in	   N3	   and	   highest	   in	   the	   N1.	  
However,	   Factors:	   ‘Time’	   x	   ‘Sex’	  were	   not	   significantly	   different	   (F(2,	   240)	   =	   0.12,	  p	   =	   0.887)	  
along	  with	  the	  interactions	  ‘Time’	  x	  ’Electrode’	  (F(6,	  240)	  =	  1.39,	  p	  =	  0.218),	  ‘Time’	  x	  ‘VS’	  x	  ‘Sex’	  
(F(11.47,	   458.75)	   =	   0.73,	   p	   =	   0.716).	   These	   suggested	   that	   VS	   had	   a	   greater	   effect	   on	   the	  
changes	   in	   brain	   activity.	   Even	   though	   females	   had	   higher	   complexity	   in	   their	   brain	   activity	  
compared	  to	  males,	  these	  were	  not	  as	  distinct	  as	  the	  effects	  of	  VS.	  Additionally,	  in	  this	  analysis,	  
position	  of	   the	  electrode	  did	  not	   reveal	   supplementary	   information	  about	   the	  changes	   in	   the	  
brain	  activity.	   In	  Figure	  4.10	  (A-­‐C)	  LZC	  values	   in	  different	  VS	  were	  plotted	   in	  1st,	  2nd	  and	  3rd	  of	  
sleep.	   	  Within	   each	   age	   group,	   wakefulness	   was	   characterised	   by	   the	   highest	   complexity	   as	  
previously	   mentioned.	   Furthermore,	   effects	   of	   VS	   on	   the	   complexity	   could	   be	   observed	   as	  
decreasing	  complexity	   in	  NREM	  sleep	  and	   increased	  brain	  activity	   in	  REM	  sleep	  at	   the	  end	  of	  
each	  plot.	  	  
PE	  and	  PLZC	  were	  used	  to	  analyse	  RTS	  similar	  to	  LZC	  analysis	  described	  previously.	  RM-­‐ANOVA	  
was	  performed	  to	  investigate	  the	  effects	  of	  ‘Time’,	  ‘VS’,	  ‘Age’	  and	  ‘Sex’	  on	  the	  changes	  of	  brain	  
activity	  reflected	  in	  the	  EEG.	  Similar	  to	  the	  LZC	  analyses	  results,	  RM-­‐ANOVA	  revealed	  significant	  
effects	  of	  time	  and	  VS	  (F(1.95,	  233.83)	  =	  7.84,	  p	  =	  0.001,	  F(2.67,	  320.85)	  =	  434.31,	  p	  <	  0.001	  in	  
PE	  and	  F(2,	  240)	  =	  12.63,	  p	  <	  0.001,	  F(2.34,	  280.31)	  =	  298.76,	  p<	  0.001	  in	  PLZC).	  According	  to	  
Mauchly’s	   test	   results	  assumptions	  of	   sphericity	   for	   ‘Time’	   (x2(2)	  =	  32.31,	  p	   <	  0.001)	  and	   ‘VS’	  
(x2(9)	  =	  244.19,	  p	  <	  0.001)	  in	  PE	  and	  ‘Time’	  (x2(2)	  =	  13.40,	  p	  =	  0.001)	  and	  ‘VS’	  (x2(9)	  =	  309.62,	  p	  <	  
0.001)	   in	  PLZC	   respectively	  had	  been	   violated	   therefore,	   the	  df	  were	   corrected	  using	  Huynh-­‐
Feldt	   estimates	   of	   sphericity	   (ε	   =	   0.97,	   ε	   =	   0.67	   and	  ε	   =	   0.73;	   e	   =	   1,	   e	   =	   0.58	   and	   e	   =	   0.72	  
respectively).	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Figure	   4.10.	   Averaged	   LZC	   (Td	  =	  median)	   values	   in	   different	   VS.	   Young	   (20-­‐39),	  middle	   (40-­‐60)	   and	   old	  
(65+)	  age	  groups	  were	  plotted	  for	  females	  (F)	  and	  males	  (M)	  in	  the	  (A):	  1st,	  (B):	  2nd	  and	  (C):	  3rd	  thirds	  of	  
sleep.	  
	  
Furthermore,	   interactions	   including	   ‘Time’	   x	   ‘VS’,	   ‘Time’	   x	   ‘Age	   groups’,	   ‘Time’	   x	   ‘Sex’,	   ‘VS’	   x	  
‘Sex’	  were	   also	   considered.	   In	   PE	   and	  PLZC	  analyses	  most	   significant	   factors	  on	  brain	   activity	  
were	   VS,	   ageing.	   ‘Time’	   x	   ‘VS’	   (F(3.90,	   233.83)	   =	   4.10,	   p	   =	   0.003	   in	   PE,	   F(4,240)	   =	   4.66,	   p	   =	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0.001in	  PLZC),	  ‘Time’	  x	  ‘Age	  groups’	  (F(5.35,	  320.85)	  =	  2.61,	  p	  =	  0.022	  in	  PE,	  F(7.01,	  280.31)	  =	  
3.84,	  p	  =	  0.001	  in	  PLZC)	  were	  significant.	  To	  further	  investigate	  the	  effects,	  post-­‐hoc	  tests	  were	  
performed	   to	   compare	   age	   groups	   and	   sex	   differences.	   According	   to	   the	   post-­‐hoc	   tests	  
performed,	   the	   PE	   and	   PLZC	   values	   obtained	   in	  middle	   age	   group	   (40-­‐60)	   were	   significantly	  
lower	  than	  other	  groups	  (p	  =	  0.017	  in	  PE;	  p	  =	  0.044	  in	  PLZC)	  in	  wakefulness.	  
	  
Figure	  4.11.	  Averaged	  LZC	  (Td	  =	  median)	  values	   in	  sleep	  periods.	  Young	  (20-­‐39),	  middle	   (40-­‐60)	  and	  old	  
(65+)	   age	   groups	   were	   plotted	   for	   females	   (F)	   and	   males	   (M)	   in	   different	   vigilance	   states	   (A):	  
wakefulness,	  (B):	  NREM	  stage	  1	  (N1),	  (C):	  NREM	  stage	  2	  (N2),	  (D):	  NREM	  stage	  3	  (N3),	  (E):	  REM	  sleep	  
However,	   no	   significant	   differences	   were	   found	   between	   females	   and	   males,	   specifically	   in	  
sleep	  stages	  (in	  NREM	  Stage	  1-­‐3	  (N1,	  N2	  and	  N3),	  N2,	  N3	  and	  R-­‐	  (in	  PE	  and	  in	  PLZC);	  p	  =	  0.181,	  p	  
=	  0.871;	  p	  =	  0.852,	  p	  =	  0.558;	  p	  =	  0.729,	  p	  =	  0.491;	  p	  =	  0.573,	  p	  =	  0.615	  for	  1st	  third	  of	  the	  sleep;	  
p	  =	  0.678,	  p	  =	  0.400;	  p	  =	  0.193,	  p	  =	  0.553;	  p=	  0.390,	  p	  =	  0.808;	  p	  =	  0.699,	  p	  =	  0.278	  for	  2nd	  third	  
of	  sleep;	  p	  =	  0.283,	  p	  =	  0.330;	  p	  =	  0.312,	  p	  =	  0.345;	  p	  =	  0.180,	  p	  =	  0.292;	  p	  =	  0.879,	  p	  =	  0.604	  for	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3rd	   thirds	   of	   the	   sleep.	   time	   interval	   3	   respectively).	   This	   suggested	   that	   the	   brain	   activity	  
changed	   according	   to	   the	   VS,	   however	   at	   the	   cellular	   level,	   sex	   might	   not	   be	   affecting	   the	  
underlying	  mechanisms.	  	  
	  
Figure	  4.12.	  Averaged	  PE	  (m	  =	  6,	  t	  =	  1)	  and	  averaged	  PLZC	  (m	  =	  6,	  t	  =	  1)	  values	  in	  different	  VS	  grouped	  in	  
young	  (20-­‐39),	  middle	  (40-­‐60)	  and	  old	  (65+)	  ages	  groups	  in	  females	  (F)	  and	  males	  (M).	  On	  the	  left	  panel:	  
PE	  values	  were	  plotted	  in	  A-­‐C	  representing	  thirds	  (1st,	  2nd	  and	  3rd	  )	  of	  8-­‐hr	  recording	  respectively.	  On	  the	  
right	   panel:	   PLZC	   values	   of	   same	   periods	   were	   plotted.	   PE	   and	   PLZC	   revealed	   differences	   at	   the	  
complexity	  in	  different	  VS.	  No	  effect	  of	  sex	  differences	  found	  (RM-­‐ANOVA,	  Factors:	  ‘Time’	  x	  ‘VS’	  x	  ‘Sex’,	  p	  
=	  0.414	  in	  PE	  and	  p	  =	  0.559	  in	  PLZC).	  
In	  Figure	  4.12,	  A-­‐C	  on	  the	   left	  panel,	  PE	  results	   in	  different	  VS	  were	  plotted	   in	  different	  sleep	  
periods.	  D-­‐E,	   at	   the	   right	  panel,	   PLZC	   values	  were	  plotted.	  Wakefulness	   and	  REM	  sleep	  were	  
characterised	   by	   higher	   complexity	   values	   channelling	   LZC	   results,	   revealing	   increased	  
complexity	   in	   brain	   activity	   compared	   to	   NREM	   sleep.	   However,	   PE	   and	   PLZC	   identified	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differences	   at	   the	   brain	   activity	   according	   to	   the	   VS.	   Sex	   differences	   were	   not	   found.	  
Furthermore,	   effects	   of	   ageing	   were	   observed	   in	   limited	   number	   of	   VS	   whereas	   this	   effect	  
yielded	  higher	  significant	  differences	  in	  LZC	  analysis.	  
Overall,	  all	  three	  methods	  captured	  differences	  in	  brain	  activity	  reflected	  in	  the	  EEG	  due	  to	  VS.	  
Changes	  across	  thirds	  of	  sleep	  were	  found,	  these	  were	  more	  pronounced	  in	  the	  results	  of	  LZC	  
as	  this	  method	  is	  more	  susceptible	  to	  the	  changes	  in	  the	  spectral	  composition.	  Similarly,	  effects	  
of	  ageing	  and	  sex	  differences	  were	  captured	  with	  LZC	  due	  to	  the	  previously	  mentioned	  reason.	  
PE	   and	   PLZC	   results,	   on	   the	   other	   hand,	   implied	   that	   the	   changes	   in	   brain	   activity	  were	   not	  
affected	   from	   physiological	   alterations	   and	   that	   the	   underlying	   mechanisms	   had	   a	   greater	  
impact	  on	  the	  brain	  activity	  (e.g.,	  prominent	  activity	  in	  VS)	  reflected	  in	  the	  EEG.	  
4.2.3.   Effects	  of	  Pharmacological	  Manipulations	  
Effects	  of	  pharmacological	  manipulations	  were	  also	   investigated	  applying	  LZC,	  PE	  and	  PLZC	  to	  
RTS.	  Similar	  to	  the	  previous	  dataset,	  LZC,	  PE	  and	  PLZC	  were	  calculated	  from	  each	  epoch	  (30-­‐s)	  
and	  averaged	  into	  thirds	  of	  an	  8-­‐hr	  recording.	  This	  was	  repeated	  on	  four	  different	  treatments	  
i.e.,	  group	  1	  (placebo),	  groups	  2	  (melatonin),	  group	  3	  (temazepam)	  and	  group	  4	  (zolpidem)	  in	  4	  
different	  electrodes	  (C3,	  C4,	  O1	  and	  O2).	  As	  described	  in	  Section	  3.4,	  16	  middle	  aged	  (12	  men	  
mean	   age	   59.9	   years,	   SD	   2.8	   and	   4	   women	   mean	   58.8	   years,	   SD	   2.2)	   subjects	   were	  
administered	   with	   different	   drugs	   at	   different	   times.	   Therefore,	   RM-­‐ANOVA	   was	   used	   to	  
investigate	  the	  effects	  of	  pharmacological	  manipulation	  on	  the	  brain	  activity.	  	  
RM-­‐ANOVA	  was	  performed	  on	   the	  LZC	  values21	  obtained	   from	  real	  data	   results	   to	   investigate	  
main	   and	   interaction	   effects	   of	   time,	   different	   groups	   (i.e.,	   treatment	   groups),	   VS	   and	  
electrodes.	  Main	  effects	  including	  ‘Time’,	  ‘VS’	  were	  found.	  According	  to	  Mauchly’s	  test	  results	  
assumptions	  of	  sphericity	  for	  ‘Time’	  (x2(2)	  =	  25.49,	  p	  <	  0.001),	  vs	  (x2(9)	  =	  76.43,	  p	  <	  0.001)	  and	  
‘Time’	   x	   ‘VS’	   (x2(35)	   =	   255.22,	  p	   <	   0.001)	   had	   been	   violated	   therefore	   the	  df	  were	   corrected	  
using	   Huynh-­‐Feldt	   estimates	   of	   sphericity	   (e	   =	   0.95,	   e	   =	   0.88	   and	   e	   =	   0.74	   respectively).	  
Significant	  main	  effects	   of	   ‘Time’	   (F(1.90,	   197.97)	   =	   18.46,	  p	   <	   0.001),	   ‘VS’	   (F(3.52,	   365.81)	   =	  
81.53,	  p	   <	   0.001)	  were	  noted.	   In	   addition	   to	   this,	   interactions	   including	   ‘Time’	   x	   ‘Treatment’,	  
‘Time’	   x	   ‘Electrodes’	   and	   ‘VS’	   x	   ‘Treatment’	   were	   considered.	   Significant	   interaction	   effects	  
between	  ‘Time’	  x	  ‘Treatment’	  (F(5.71)	  =	  4.99,	  p	  <	  0.001)	  and	  ‘VS’	  x	  ‘Treatment’	  (17.80,	  617.17)	  
=	   3.53,	   p	   <	   0.001)	   were	   found.	   Similar	   to	   the	   statistical	   analyses	   results	   in	   ageing	   and	   sex	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
21	  Repeated	  measures	  ANOVA	  tests	  were	  only	  performed	  on	  the	  LZC,	  PE	  and	  PLZC	  values	  obtained	  from	  
electrode	   C3-­‐A2	   deviation.	   Full	   lists	   of	   LZC,	   PE	   and	   PLZC	   values	   for	   this	   dataset	   were	   tabulated	   in	  
Appendix	  10-­‐12.	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differences,	  no	  significant	  effects	  of	  electrode	  positions	  were	  observed.	  	  To	  break	  down	  these	  
significant	   differences,	   2-­‐sided	   Dunnett’s	   tests	   were	   performed	   which	   revealed	   significant	  
treatment	  effects	  at	  the	  1st	  and	  3rd	  third	  of	  the	  whole	  sleep	  period	  in	  VS,	  N2	  (p	  =	  0.024	  at	  the	  1st	  
sleep	  period)	  and	  N3	  (p	  =	  0.034	  at	  the	  3rd	  sleep	  period)	  (Figure	  4.13-­‐(D),	  (E)).	  	  
	  
Figure	   4.13.	   Averaged	   LZC	   (Td	   =	   median)	   values	   of	   placebo	   (T1),	   melatonin	   (T2),	   zolpidem	   (T3)	   and	  
temazepam	   (T4)	   in	  different	   vigilance	   states.	  On	   the	   left	   panel	   (A-­‐C):	   LZC	   values	   at	   the	  1st,	   2nd	   and	  3rd	  
thirds	   of	   the	  whole	   sleep	   period	  were	   plotted.	   On	   the	   right	   panel	   (E)	   LZC	   in	   the	   placebo	   group	  were	  
significantly	   higher	   (p	   =	   0.024)	   in	   NREM	   sleep	   stage	   2.	   In	   (F),	   LZC	   in	   zolpidem	   group	  was	   significantly	  
lower	  than	  placebo	  (p	  =	  0.034).	  
Significantly	  different	  PE	  and	  PLZC	  values	  were	  also	  obtained	   in	   ‘Time’	  and	   ‘VS’.	  According	   to	  
Mauchly’s	   test	   results	   assumptions	   of	   sphericity	   for	   ‘Time’	   (x2(2)	   =	   27.46,	   p	   <	   0.001;	   x2(2)	   =	  
25.54,	  p	  <	  0.001)	  and	  VS	  (x2(9)	  =	  116.70,	  p	  <	  0.001;	  x2(9)	  =	  108.85,	  p	  <	  0.001)	  had	  been	  violated	  
therefore,	  the	  df	  were	  corrected	  using	  Huynh-­‐Feldt	  estimates	  of	  sphericity	  (e	  =	  0.94,	  e	  =	  0.95	  ;	  e	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=	  0.80,	  e	  =	  0.83	  respectively	   for	  PE	  and	  PLZC).	  Furthermore,	  significant	  main	  effects	  of	   ‘Time’	  
and	  ‘VS’	  (F(1.88,	  195.53)	  =	  35.62,	  p	  <	  0.001,	  F(3.20,	  332.28)	  =	  75.21,	  p	  <	  0.001;	  F(1.90,	  197.91)	  
=	  61.91,	  p	  <	  0.001,	  F(3.33,	  346.42)	  =	  44.38,	  p	  <	  0.001)	  were	  found.	  	  
	  
Figure	   4.14.	   Averaged	   PE	   (m	   =	   6,	   t	   =	   1))	   values	   of	   placebo	   (T1),	   melatonin	   (T2),	   zolpidem	   (T3)	   and	  
temazepam	   (T4)	   in	   different	   vigilance	   states.	   On	   the	   left	   panel	   (A-­‐C):	   PE	   values	   at	   the	   1st,	   2nd	   and	   3rd	  
thirds	  of	   the	  whole	   sleep	  period	  were	  plotted.	  On	   the	   right	  panel	   (D):	   Power	   spectral	  density	   (PSD)	   in	  
wakefulness	  and	  in	  (F)	  changes	  in	  the	  alpha	  band	  of	  the	  PSD	  was	  plotted.	  PSD	  in	  wakefulness	  in	  2nd	  third	  
of	  the	  whole	  night	  sleep	  was	  significantly	  higher	  than	  other	  sleep	  periods.	  
Electrode	   positions	   did	   not	   affected	   the	   complexity	   measurements,	   however,	   a	   significant	  
interaction	  ‘Time’	  x	  ‘Treatment’	  x	  ‘VS’	  (F(9.59,	  332.28)	  =	  2.95,	  p	  =	  0.002;	  (F(9.99,	  346.42)	  =	  3.48,	  
p	  <	  0.001)was	  observed	  in	  both	  PE	  and	  PLZC	  results.	  In	  Figure	  4.14-­‐4.15,	  changes	  in	  complexity	  
values	   were	   plotted	   in	   (A)-­‐(C)	   in	   thirds	   of	   the	   whole	   sleep	   duration	   respectively.	   Multiple	  
comparison	  tests	  revealed	  significantly	  lower	  PE	  (p	  =	  0.034)	  and	  PLZC	  (p	  =	  0.027)	  in	  the	  1st	  third	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of	   the	   sleep	   during	   wakefulness.	   This	   suggests	   that	   brain	   activity	   was	   affected	   by	   drug	  
administration	   particularly	   in	   wakefulness	   and	   changes	   occurring	   at	   the	   brain	   activity	   during	  
sleep	  stages	  were	  not	  detected	  by	  PE	  and	  PLZC.	  	  
	  
Figure	   4.15.	   Averaged	   PLZC	   (m	   =	   6,	   t	   =	   1))	   values	   of	   placebo	   (T1),	  melatonin	   (T2),	   zolpidem	   (T3)	   and	  
temazepam	  (T4)	   in	  different	  vigilance	  states.	  On	  the	   left	  panel	   (A-­‐C):	  PLZC	  values	  at	  the	  1st,	  2nd	  and	  3rd	  
thirds	  of	   the	  whole	   sleep	  period	  were	  plotted.	  On	   the	   right	  panel	   (D):	   Power	   spectral	  density	   (PSD)	   in	  
wakefulness	  and	  in	  (F)	  changes	  in	  the	  alpha	  band	  of	  the	  PSD	  was	  plotted.	  PSD	  in	  wakefulness	  in	  2nd	  third	  
of	  the	  whole	  night	  sleep	  was	  significantly	  higher	  than	  other	  sleep	  periods.	  
In	  order	  to	  investigate	  that,	  EEG	  power	  spectral	  density	  plots	  were	  generated	  at	  the	  1st,	  2nd	  and	  
3rd	   thirds	   of	   the	   whole	   night	   sleep	   (Figure	   4.14-­‐4.15	   (D-­‐E)).	   One-­‐way	   ANOVA	   tests	   revealed	  
significant	  differences	  (all	  p	  >	  0.001)	  between	  the	  averaged	  PSD	  in	  all	  frequency	  bands	  during	  
wakefulness	   (Figure	   4.14-­‐4.15,	   (D)).	   This	   indicated	   that	   brain	   activity	   changed	   at	   the	   time	  
course	   of	   the	   sleep.To	   further	   investigate	   this,	   PSD	   changes	   in	   the	   alpha	   activity	   were	  
Chapter	  4	  –	  Results	  
80	  
Pinar	  Deniz	  Tosun,	  2018	  
scrutinised.	   According	   to	   this	   analysis,	   EEG	   power	   in	   the	   alpha	   band	   was	   significantly	   lower	  
during	  placebo	  compared	  to	  other	  treatment	  groups	  (Figure	  4.14-­‐4.15	  (E)).	  This	  suggested	  that	  
PE	   and	   PLZC	   captured	   the	   differences	   at	   the	   alpha	   activity	   at	   the	   1st	   third	   of	   the	   sleep.	  
Moreover,	   drug	   concentrations	   reach	   their	   peak	   during	   this	   sleep	   period	   which	   might	   be	  
indicating	  the	  fact	  that	  the	  drugs	  had	  a	  direct	  lowering	  effect	  on	  alpha	  activity.	  
Overall,	   changes	   in	   brain	   activity	   caused	   by	   VS	   were	   captured	   with	   all	   methods.	   Spectral	  
measures	   revealed	   significant	   differences	   at	   PSD	   in	   different	   sleep	   periods.	   However,	   no	  
significant	   changes	  at	   the	   complexity	  at	   the	   course	  of	   the	   sleep	  were	   captured	  by	  non-­‐linear	  
techniques	  applied.	  GABA	  drugs	  temazepam	  and	  zolpidem	  affected	  SWA	  in	  VS,	  N2	  and	  N3.	  This	  
was	   only	   captured	   by	   LZC.	   This	   indicated	   if	   the	   manipulation	   influenced	   SWA	   or	   slow	   wave	  
sleep,	  these	  could	  be	  tracked	  by	  LZC	  but	  not	  with	  PE	  and	  PLZC.	  The	  only	  significant	  difference	  in	  
the	  complexity	  values	  computed	  by	  PE	  and	  PLZC	  were	  found	  in	  1st	  third	  of	  sleep	  in	  wakefulness.	  
This	  is	  when	  the	  drug	  concentrations	  reached	  their	  peaks	  and	  all	  other	  drugs	  had	  an	  increasing	  
effect	  on	  brain	  activity	  compared	  to	  placebo.	  This	   indicated	  that	  PE	  and	  PLZC	  did	  not	  capture	  
changes	   caused	   by	   the	   pharmacological	   manipulation	   and	   reflected	   changes	   only	   caused	   by	  
different	  VS.	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5.   Introduction	  
Within	  this	  study,	  EEG	  signals	  in	  rodents	  and	  humans	  were	  analysed	  to	  characterise	  sleep	  with	  
non-­‐linear	  symbolic	  dynamic	  analyses.	  This	  study	  aimed	  at	  describing	  and	  characterising	  sleep	  
at	  baseline	  levels	  as	  well	  as	  ageing,	  sex	  differences,	  and	  pharmacological	  interventions,	  through	  
the	  main	  objective	  of	  investigating	  the	  usability	  of	  non-­‐linear	  symbolic	  dynamic	  analysis	  in	  sleep	  
research.	  	  
LZC,	  PE	  and	  PLZC	  were	  used	  in	  the	  characterisation	  of	  changes	  in	  brain	  activity.	  Surrogate	  data	  
analysis	  was	  also	  used	  to	  validate	  our	  findings	  (presented	  in	  Chapter	  4).	  All	  three	  methods	  were	  
applied	   to	   surrogate	   data	   to	   investigate	   if	   the	   complexity	   measures	   reflected	   non-­‐linear	  
changes	   in	   the	   brain	   activity.	   These	   were	   accompanied	   by	   detailed	   statistical	   analyses	   to	  
compare	  changes	   in	   complexity	   in	  different	  VS	  and,	   to	  determine	   the	  effects	  of	  physiological	  
alterations	  or	  pharmacological	  manipulations	  on	  sleep.	  
In	  this	  chapter,	  the	  main	  findings	  related	  to	  characterisation	  of	  sleep	  are	  discussed	  in	  two	  main	  
sections	   i.e.,	   rodent	   sleep	  and	  human	   sleep.	  All	   the	  physiological	   alterations	   (i.e.,	   ageing,	   sex	  
differences)	   and	   pharmacological	   manipulations	   (i.e.,	   tiagabine,	   diazepam,	   zolpidem,	   and	  
melatonin	   administrations)	   in	   accordance	  with	   the	   datasets	   are	   discussed	   in	   sub-­‐sections.	   In	  
addition	  to	  these	  two	  sections,	  a	  section	  is	  dedicated	  to	  the	  comparisons	  of	  LZC,	  PE	  and	  PLZC.	  	  
5.1.   Effects	  of	  Manipulations	  on	  Rodent	  Sleep	  
Within	  this	   thesis,	  mice	  sleep	  was	   investigated	  under	  two	  different	  manipulations.	  Mice	  were	  
sleep	   deprived	   and	   then	   they	  were	   administrated	   either	  with	   placebo	   (0.9%	   saline	   solution),	  
low	  dose	  (1mg/kg)	  or	  high	  dose	  (2mg/kg)	  tiagabine	  in	  a	  double-­‐blind	  randomised	  study	  with	  the	  
interest	   of	   characterising	   sleep,	   SD	   and	   the	   usability	   of	   tiagabine	   (i.e.,	   a	   hypnotic	   widely	  
prescribed	   in	   epilepsy,	   anxiety	   disorder	   and	   depression)	   in	   treating	   insomnia	   related	   sleep	  
disorders.	   48-­‐h	   EEG	   recordings	   comprising	   2	   baseline	   (i.e.,	   BL	   and	   BD)	   and	   2	   recovery	   sleep	  
periods	  (i.e.,	  RL	  and	  RD)	  were	  used.	  Complexity	  was	  measured	  in	  every	  4-­‐s	  sleep	  epochs	  which	  
were	  then	  averaged	  over	  1.5-­‐h	  time	  intervals.	  In	  total,	  24	  complexity	  measures	  were	  obtained	  
for	  every	  VS	  in	  one	  sleep	  period.	  This	  was	  repeated	  with	  the	  surrogate	  datasets	  of	  the	  similar	  
periods.	  Related	  samples	  t-­‐tests	  were	  performed	  between	  real	  and	  surrogate	  data	  complexity	  
measures	  to	  determine	   if	  the	  methods	  reveal	  non-­‐linear	  dynamics	   in	  the	  brain	  activity.	   It	  was	  
found	  that	  PE	  and	  PLZC	  were	  showing	  non-­‐linear	  changes	  in	  brain	  activity	  whereas	  LZC	  mostly	  
reflected	   changes	   in	   the	   spectrum	   of	   the	   signals	   (p-­‐values	   provided	   in	   Tables	   4.1-­‐4.3).	  
Furthermore,	  effects	  of	   the	  manipulations	  were	   investigated	  with	   repeated	  measures	  ANOVA	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(RM-­‐ANOVA)	  on	  the	  real	  data	  complexity	  measures.	  Brain	  activity	  changes	  in	  the	  time	  course	  of	  
the	   sleep,	   in	  different	  VS,	   and	   in	  different	  periods	   characterised	  by	   the	   complexity	  measures	  
LZC,	  PE	  and	  PLZC,	  will	  be	  discussed	  in	  the	  next	  sections.	  	  	  
5.1.1.   Effects	  of	  Sleep	  Deprivation	  
Hallmarks	   of	   sleep	   have	   been	   studied	   and	   characterised	   by	   Fourier	   Transform	   based	   studies	  
and	   those	   were	   discussed	   in	   Chapter	   2.	   To	   summarise,	   these	   include	   pronounced	   low	  
amplitude	   EEG	  with	   theta	   (6-­‐9	   Hz)	   and	   occasional	   delta	   activity	   (0.5-­‐4Hz)	   accompanied	  with	  
high	  EMG	  activity	   in	  wakefulness.	   In	  NREM	  sleep,	  EMG	  was	   lower	   than	   in	  wakefulness	  and	  a	  
higher	   voltage	   EEG	   was	   observed,	   with	   prominent	   delta	   activity.	   In	   REM	   sleep,	   like	   in	  
wakefulness,	  pronounced	  theta	  activity	  and	  beta	  activity	  can	  be	  observed	  in	  EEG	  but	  with	  total	  
EMG	  muscle	  atonia	  (Franken,	  Malafosse	  and	  Tafti,	  1998;	  Brankack	  et	  al.,	  2010;	  Bastianini	  et	  al.,	  
2014).	  Furthermore,	  all	  these	  particular	  brain	  activities	  were	  reflected	  as	  high	  power	  spectra	  in	  
the	  pronounced	  frequency	  bands	  and	  characteristics	  of	  these	  brain	  activity	  and	  their	  sources	  of	  
generation	  were	  tabulated	  in	  Table	  1.1.	  
Within	  this	  thesis,	  all	  three	  methods	  applied	  to	  the	  mice	  dataset	  could	  distinguish	  between	  the	  
VS.	  Changes	  in	  the	  brain	  activity	  in	  different	  VS	  were	  plotted	  over	  the	  periods	  in	  Figure	  4.1-­‐4.3	  
(in	   LZC,	   PE	   and	   PLZC	   respectively)	   where	  wakefulness	   and	   REM	   sleep	  were	   characterised	   by	  
higher	  complexity	  compared	  to	  NREM	  sleep.	  These	  reflected	  marked	  changes	   in	  brain	  activity	  
where	  brain	  is	  more	  alert	  in	  wakefulness	  and	  REM	  sleep	  and	  less	  active	  in	  NREM	  sleep.	  This	  was	  
well-­‐established	   by	   the	   traditional	   sleep	   EEG	   analysis	   in	   humans	   (Arrigoni	   and	   Fuller,	   2011;	  
Prerau	   et	   al.,	   2017)	   and	   in	   rodents	   (Andretic,	   Franken	   and	   Tafti,	   2008;	   Siegel,	   2011)	   and,	  
consistent	  with	  the	  findings	  of	  this	  study.	  This	  was	  found	  in	  all	  periods	  (i.e.,	  BL,	  BD,	  RL	  and	  RD)	  
suggesting,	  brain	  activity	  reflected	  similar	  patterns	  in	  different	  VS	  and	  VS	  is	  a	  main	  effect	  in	  the	  
brain	  complexity	  due	  to	  prominent	  brain	  activity	  within	  the	  VS.	  
Sleep	  deprivation	  (SD)	  is	  a	  widely	  used	  manipulation	  process	  to	  investigate	  the	  role	  of	  sleep	  in	  
brain	   function	   (Hobson	  and	  Pace-­‐Schott,	  2002),	  cognition	   (Scullin	  and	  Bliwise,	  2015;	  Raven	  et	  
al.,	  2017)	  and	  memory	  consolidation	  (Navarro-­‐Sanchis	  et	  al.,	  2017)	  and	  it	  also	  provides	  further	  
insights	   in	   pharmacology	   studies	   (Bianchi,	   2011;	   Drinkenburg,	   Ruigt	   and	   Ahnaou,	   2015)	   to	  
assess	   the	   effects	   of	   the	   compounds	   and	   the	  medications	   on	   sleep.	   SD	   is	   a	   well-­‐established	  
process.	  The	  lost	  sleep	  due	  to	  SD	  is	  compensated	  in	  the	  following	  sleep	  periods	  (so	  called	  the	  
recovery	   sleep)	   by	   increased	   SWA	   compared	   to	   baseline	   i.e.,	   high	   spectra	   in	   the	   low	   delta	  
activity	   (0.5-­‐4Hz)	   range	   in	   NREM	   sleep	   (Rechtschaffen	   et	   al.,	   1983;	   Borbely,	   Tobler	   and	  
Hanagasioglu,	  1984;	  Tobler	  and	  Borbely,	  1990;	  Naido	  et	  al.,	  2005;	  Franken	  et	  al.,	  2006;	  Hasan	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et	  al.,	  2011).	   In	   this	   study,	  SD	  was	  characterised	  by	  significantly	   lower	  complexity	   in	   recovery	  
sleep	   compared	   to	   baseline	   periods	   (Tosun	   et	   al.,	   2017).	   This	   is	   also	   likely	   a	   consequence	   of	  
increased	  SWA	  (0.5-­‐4.5	  Hz)	  which	  was	  previously	  reported	  in	  SD	  compensation	  (Rechtschaffen	  
et	  al.,	  1983;	  Borbely,	  Tobler	  and	  Hanagasioglu,	  1984;	  Streiade,	  2003)	  during	  recovery	  sleep	  and	  
particularly	  in	  the	  first	  half	  of	  the	  first	  recovery	  period	  (Naido	  et	  al.,	  2005;	  Franken	  et	  al.,	  2006).	  
In	   this	   study,	   PE	   and	  PLZC	   values	   in	  NREM	   sleep	   in	   RL	  were	   significantly	   lower	   than	  baseline	  
levels	   in	   the	   first	   four	   time	   intervals	   (Figure	   4.2	   and	   Figure	   4.3)	   and	   in	   the	   first	   five	   time	  
intervals	   in	   LZC	   (Tosun	   et	   al.,	   2017).	   This	   suggests	   that	   the	   results	   might	   be	   reflecting	   the	  
increased	  levels	  of	  SWA	  (Nielsen,	  2010;	  LeGates,	  Fernandez	  and	  Hattar,	  2014).	  Surrogate	  data	  
analysis	  corroborated	  changes	  in	  the	  signal	  complexity	  following	  SD	  were	  not	  mere	  changes	  in	  
the	   power	   spectra.	   Additionally,	   in	   NREM	   sleep,	   complexity	   values	   increased	   during	   RL	  
suggesting	   an	   increase	   in	   complexity	   in	   brain	   activity.	   This	   result	   is	   compatible	   with	   the	  
decreasing	  SWA	  in	  NREM	  sleep	  during	  recovery	  (Rechtschaffen	  et	  al.,	  1983;	  Hasan	  et	  al.,	  2011),	  
which	  in	  this	  study	  resulted	  in	  increased	  complexity	  values	  potentially	  due	  to	  the	  reduced	  SWA	  
toward	   the	  end	  of	   the	  period	  and	   sleep	  compensation	  process	   (Tosun	  et	  al.,	   2017).	   This	  was	  
reflected	   in	  PE	  and	  PLZC	  analyses	  as	   increased	  complexity,	  possibly	  due	   to	   reduced	  neuronal	  
synchronisation	   (Steriade,	   2003;	   Timofeev	   et	   al.,	   2012).	   In	   other	   periods,	   non-­‐significant	  
increases	  in	  PE	  and	  PLZC	  values	  in	  the	  course	  of	  the	  period	  were	  observed	  both	  in	  wakefulness	  
and	  REM	  sleep	  (Figure	  4.2	  and	  4.3).	  
As	  previously	  mentioned,	  SD	  is	  usually	  combined	  with	  pharmacological	  manipulations	  to	  assess	  
the	  effects	  of	  drugs	  in	  sleep	  and	  sleep	  structure.	  Within	  this	  thesis,	  the	  dataset	  included	  SD	  and	  
two	   doses	   of	   drug	   administration	   following	   SD.	  Main	   findings	   regarding	   the	   pharmacological	  
manipulation	  will	  be	  discussed	  next.	  	  
5.1.2.   Effects	  of	  Tiagabine	  
Tiagabine	   is	  an	  anticonvulsant	  drug	  which	   is	  widely	  used	   in	  epilepsy	   (Oakley	  et	  al.,	  2013)	  and	  
anxiety	  (Schaller,	  Thomas	  and	  Rawlings,	  2004)	  treatments.	  It	  acts	  as	  a	  GABAA	  reuptake	  inhibitor	  
which	   increases	   neurotransmission	  by	   promoting	   neurotransmitter	   intake	   in	   the	   pre-­‐synaptic	  
neuron.	  Due	  to	  its	  similar	  properties	  to	  selective	  GABAA	  antagonists,	  its	  usage	  as	  a	  sedative	  or	  
hypnotic	   has	   been	   previously	   proposed	   (Mathias	   et	   al,	   2001b;	  Walsh	   et	   al.,	   2005,	   2006a,	   b;	  
Roth	  et	  al.,	  2006;	  Xu	  et	  al.,	  2014).	  It	  has	  been	  hypothesised	  that	  the	  effects	  of	  different	  doses	  of	  
Tiagabine	  could	  help	  alleviate	  effects	  of	   SD	  and	  contribute	   to	  a	   faster	   recovery	   (Hasan	  et	  al.,	  
2011,	  Bao	  et	  al.,	  2016).	  As	  previously	  explained	   in	  Section	  3.2,	  mice	  were	  first	  sleep	  deprived	  
for	  6	  hours	  during	  BD;	   immediately	   after	   SD,	  mice	  were	  administered	  either	   a	   low	  dose	   (LD-­‐
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1mg/kg)	   or	   high	   dose	   (HD-­‐2mg/kg)	   Tiagabine	   Hydrochloride	   solution	   or	   placebo	   (PL-­‐0.9%	  
saline)	  in	  a	  randomised	  protocol	  (Hasan	  et	  al.,	  2011).	  A	  24-­‐h	  recovery	  period	  (12-­‐h	  light	  and	  12-­‐
h	  dark),	  was	  recorded	  during	  when	  they	  were	  allowed	  to	  sleep	  ad	  libitum.	  	  
First,	   differences	   in	   LZC,	   PE	   and	   PLZC	   were	   investigated	   per	   VS.	   In	   all	   treatment	   groups,	   all	  
methods	  were	  able	  to	  characterise	  different	  VS	  (p	  <	  0.001	  in	  all	  treatment	  groups	  and	  analysis	  
method).	   This	   finding	   is	   consistent	  with	   the	   previously	   reported	   effects	   of	   tiagabine	   that	   the	  
compound	  had	  minimal	  effects	  on	  the	  temporal	  pattern	  of	  sleep	  (Lancel	  et	  al.,	  1998;	  Hasan	  et	  
al.,	  2011).	  Effects	  of	  tiagabine	  on	  sleep	  include:	  increased	  EEG	  activity	  during	  NREM	  sleep,	  most	  
pronounced	   in	   1-­‐8	   Hz	   (Lancel,	   et	   al.,	   1998)	   in	   rats,	   and	   in	   frequencies	   <10	   Hz	   in	   humans	  
(Mathias	   et	   al.,	   2001).	   Additionally,	   increased	   sleep	   continuity,	   time	   spent	   in	   SWS,	   increased	  
number	  of	  NREM	  episodes	  and	  reduced	  NREM	  latency	  were	  found.	   In	  this	  study,	  LD	  provided	  
the	  highest	  complexity	  in	  NREM	  sleep	  indicating	  this	  dosage’s	  effect	  on	  SWS.	  Dose	  dependent	  
elevated	  EEG	  activity	  during	  NREM	  sleep	  was	  previously	   reported	   (Suzdak	  and	   Jensen,	  1995);	  
however,	  in	  this	  study	  HD	  did	  not	  affect	  the	  complexity	  more	  than	  placebo	  or	  LD.	  
Tiagabine	   acts	   as	   a	   selective	   GABA	   transport	   inhibitor,	   as	   previously	   described	   in	   Chapter	   2.	  
Thus,	   it	   increases	   the	  extracellular	  GABA	  concentration	  and	   causes	  prolonged	  post-­‐excitatory	  
hyperpolarisation	  of	  the	  neuron.	  This	  causes	  elicited	  episodes	  of	  hyper	  synchronous	  EEG	  waves	  
in	  wakefulness	  during	  the	  first	  2-­‐h	  after	  injection	  (Lancel	  et	  al.,	  1996).	  In	  this	  study,	  PE	  and	  PLZC	  
in	   the	   first	   4	   time	   intervals	  were	   significantly	  higher	   in	   LD	   compared	   to	  placebo	  and	  HD	   (p	  =	  
0.019,	  p	  =	  0.006,	  p	  =	  0.002	  and	  p	  =	  0.022;	  p	  =	  0.030,	  p	  =	  0.009,	  p	  =	  0.003	  and	  p	  =	  0.036).	  LZC	  
values	  in	  the	  first	  3	  time	  intervals	  were	  significantly	  higher	  in	  LD	  (p=.023,	  p=.002	  and	  p=.035).	  In	  
Figure	  4.7,	  4.10	  and	  4.13	  LZC,	  PE	  and	  PLZC	   in	   the	   first	   time	   interval	  were	   found	   to	  be	  higher	  
compared	  to	  other	  time	  intervals	  which	  might	  be	  a	  consequence	  of	  the	  previously	  mentioned	  
hyper	   synchronisation	   of	   the	   neurons.	   However,	   this	   is	   contradicting	   with	   previous	   studies	  
(Steriade,	   2003;	   Timofeev	   et	   al.,	   2012)	   that	   reported	   increased	   SWA	   is	   caused	   by	   increased	  
synchronisation	   of	   neurons,	   particularly	   in	   NREM	   sleep.	   However,	   this	   study’s	   findings	  might	  
also	  be	  indicating	  that	  synchronisation	  might	  be	  reflected	  differently	  as	  a	  complexity	  measure	  
in	  different	  VS.	  	  	  	  
5.2.   Effects	  of	  Alterations	  and	  Manipulations	  on	  Human	  Sleep	  
Within	  this	  thesis,	  human	  sleep	  was	   investigated	  under	  three	  different	  conditions	   i.e.,	  ageing,	  
sex	   differences	   (i.e.,	   physiological	   alterations)	   and	   pharmacological	   interventions	   (i.e.,	  
manipulations).	   These	   investigations	   were	   done	   on	   two	   different	   datasets.	   In	   the	   first	   one,	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recordings	  of	  60	  subjects	  were	  used	  (Table	  3.1).	  LZC,	  PE	  and	  PLZC	  were	  evaluated	  on	  every	  30-­‐s	  
sleep	  epoch	  over	  three	  thirds	  of	  an	  8-­‐h	  EEG	  signal.	  This	  dataset	  was	  detailed	  in	  section	  3.1.	  29	  
female	  and	  31	  male	  subjects	  were	  grouped	  according	  to	  young,	  middle	  and	  old	  age	  groups	  (i.e.,	  
20-­‐39	   years,	   40-­‐60	   years	   and	   over	   65	   years	   of	   age).	   Related	   samples	   t-­‐tests	  were	   applied	   to	  
complexity	  measures	   between	   real	   and	   surrogate	   data	   revealing	   non-­‐linear	   changes	   in	   brain	  
activity	  with	  PE	  and	  PLZC	  analyses.	  As	  it	  was	  found	  in	  the	  rodent	  dataset,	  LZC	  mostly	  reflected	  
changes	  in	  the	  spectral	  composition	  (p-­‐values	  provided	  in	  Table	  4.5,	  Table	  4.6	  and	  Table	  4.7).	  
The	  effects	  of	  ageing	  and	  sex	  differences	  were	   investigated	  with	  RM-­‐ANOVA	  on	  the	  real	  data	  
complexity	  values	  and	  will	  be	  discussed	   in	  detail	   in	  section	  5.2.1	  and	  5.2.2.	  All	   three	  methods	  
could	  discriminate	  between	  VS	  (Figure	  4.6-­‐4.8).	  LZC	  revealed	  significantly	  higher	  complexity	  in	  
the	   young	   age.	   This	  was	   also	   noted	   in	   the	   PE	   and	  PLZC	   values.	   Furthermore,	   in	   LZC	   analysis,	  
complexity	  in	  females	  was	  significantly	  higher	  than	  males	  in	  all	  VS.	  This	  was	  only	  found	  in	  REM	  
sleep	   in	   PE	   and	   PLZC	   analysis	   revealing	   brain	   dynamic	   activity	   do	   not	   differ	   significantly	  with	  
gender,	  but	  ageing	  is	  a	  significant	  factor.	  
The	  second	  dataset	  comprises	  16	  middle	  aged	  subjects	  (12	  men	  (mean	  age	  59.9	  years,	  SD	  2.8)	  
and	   4	   women	   (mean	   58.8	   years,	   SD	   2.2))	   and	   includes	   pharmacological	   manipulation.	   The	  
subjects	  were	  administered	  with	  Placebo,	  Melatonin	  (2mg),	  Temazepam	  (20mg)	  and	  Zolpidem	  
(10mg)	  in	  a	  double-­‐blinded	  placebo	  controlled	  four-­‐way	  crossover	  trial.	  Similar	  to	  the	  previous	  
dataset,	   LZC,	   PE	   and	   PLZC	  were	   evaluated	   on	   every	   30-­‐s	   sleep	   epoch	   over	   thirds	   of	   a	  whole	  
night	  EEG	  record	  (i.e.,	  8-­‐h).	  LZC	  analysis	  revealed	  changes	  in	  brain	  complexity	  with	  Temazepam	  
administration	   in	  NREM	  sleep	   stage	  2	   compared	   to	  placebo	   (Figure	  4.6).	   PE	  and	  PLZC	  on	   the	  
other	  hand,	  revealed	  changes	  in	  wakefulness	  in	  zolpidem	  administration	  compared	  to	  placebo	  
(Figure	   4.7	   and	   Figure	   4.8).	   These	   results	  will	   be	   discussed	   in	   5.2.3	   in	   relation	   to	   the	   studies	  
which	  were	  detailed	  the	  effects	  of	  these	  drugs	  in	  Chapter	  2.	  
5.2.1.   Effects	  of	  Ageing	  and	  Sex	  Differences	  
Ageing	   is	   one	   of	   the	   influential	   physiological	   processes	   in	   human	   lifespan.	   Changes	   occur	   in	  
neuronal	   and	   cellular	   levels	   including	   grey	   matter	   deterioration	   and	   increased	   white	   matter	  
lesions	   (Peters,	  2006;	  Esiri,	  2007),	  hormonal	  changes	   (Carrier	  et	  al.,	  2017)	  and	  neurochemical	  
changes	  (Dickens	  et	  al.,	  2007).	  These	  affect	  brain	  activity,	  which	  is	  subsequently	  reflected	  in	  the	  
EEG.	  Without	   the	   presence	   of	   other	   neurological	   disorder,	   key	   findings	   of	   the	   studies	  which	  
assessed	   effects	   of	   ageing	   in	   sleep	   structure	   were	   detailed	   in	   Chapter	   2.	   These	   include	  well	  
established	   age-­‐related	   changes	   in	   quantitative	   EEG	   analyses.	   Particularly,	   in	   old	   age	   NREM	  
sleep	  architecture	  changes	  considerably	  (Dijk,	  2009;	  Carrier	  et	  al.,	  2017).	  Substantial	  decrease	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in	   SWA	  and	   increase	   in	  N1	  and	  N2	  have	  been	   reported	   (Kleitman	  et	   al.,	   2013).	  Compared	   to	  
young	   subjects,	   older	   people	   have	   less	   SWA,	   lower	   spectral	   power	   in	   sigma	   (12-­‐16	   Hz)	   and	  
higher	  spectral	  power	   in	  the	  beta	  band	  (Dijk	  et	  al.,	  1989a;	  Landolt	  and	  Borbely,	  2001;	  Luca	  et	  
al.,	  2015).	  In	  addition	  to	  these	  changes,	  with	  increasing	  age	  the	  density	  and	  amplitude	  of	  slow	  
waves	  and	  spindle	  activity	  decreased	  largely	  in	  the	  frontal	  region.	  This	  might	  be	  a	  consequence	  
of	  impairment	  in	  the	  cortical	  circuits	  responsible	  in	  NREM	  sleep	  regulation,	  which	  has	  also	  been	  
previously	  reported	  in	  ageing	  studies	  (Peters,	  2006;	  Esiri,	  2007).	  
Effects	   of	   sex	   differences	  were	   detailed	   in	   section	   2.2.	   These	   effects	   include	   longer	   sleep	   in	  
women	  than	   in	  men	  with	   less	  wakefulness	  episodes	  and,	   therefore,	  higher	  sleep	  efficiency	   in	  
women	   (Carrier	   et	   al.,	   2017).	   In	   addition,	   women	   have	   less	   N1	   and	   more	   SWS	   with	   higher	  
spectral	   power	   in	   delta,	   theta	   and	   sigma	   frequency	   bands	   (Dijk	   et	   al.,	   1989b;	   Fukuda	   et	   al.,	  
1999;	   Carrier	   et	   al.,	   2001;	   Svetnik	   et	   al.,	   2017).	   However,	   when	   power	   spectra	   were	  
represented	   as	   relative	   power	   in	   certain	   frequency	   bands,	   sex	   differences	   in	   the	   EEG	  
disappeared	   (Luca	   et	   al.,	   2015).	   This	   suggests	   that	   the	   underlying	   mechanism	   that	   controls	  
sleep	   is,	   in	   fact,	   similar	   and	   the	  physiological	  differences	  between	  women	  and	  men	  could	  be	  
causing	  the	  aforementioned	  spectral	  variations	  (e.g.,	  higher	  SWA	  in	  women	  compared	  to	  men).	  	  	  
First,	  LZC	  values	  in	  RTS	  and	  STS	  were	  compared.	  No	  significant	  differences	  in	  complexity	  were	  
found	  between	  RTS	   and	   STS.	   This	   finding	   indicates	   that	   the	  method	   captures	   changes	   in	   the	  
EEG	  power	  spectrum.	  Complexities	  were	  markedly	  different	   in	  all	  VS	   in	  all	   thirds	  of	  the	  night.	  
Specifically	  in	  first,	  second	  and	  third	  thirds	  of	  the	  whole	  sleep	  (SP1,	  SP2	  and	  SP3),	  complexities	  
in	  young	  age	  were	  markedly	  lower	  than	  in	  the	  other	  age	  groups	  (p	  =	  0.010	  and	  p	  =	  0.001;	  p	  =	  
0.022	  and	  p	  =	  0.002;	  p	  =	  0.023	  and	  p	  =	  0.003	  middle	  and	  old	  age	  groups	  respectively).	  LZC	   in	  
women	  were	   higher	   than	  men	   indicating	   higher	   variations	   in	   the	   EEG,	   high	   amplitude	   brain	  
activity.	  This	  variation	  in	  the	  EEG	  is	  consistent	  with	  previous	  findings	  (Dijk	  et	  al.,	  1989b;	  Fukuda	  
et	  al.,	  1999;	  Carrier	  et	  al.,	  2001;	  Duffy	  et	  al.,	  2016),	  further	  supporting	  surrogate	  data	  analysis	  
results.	   However,	   in	   this	   study,	   complexity	   in	   women	   and	   men	   were	   different	   but	   not	  
significant.	  This	  indicates	  ageing	  has	  greater	  effects	  in	  brain	  activity	  than	  sex	  differences.	  
PE	  and	  PLZC	  analyses	  revealed	  similar	  findings.	  Differences	  in	  complexity	  between	  RTS	  and	  STS	  
indicated	  that	  PE	  and	  PLZC	  reflect	  changes	  in	  the	  non-­‐linear	  brain	  dynamics.	  Significantly	  lower	  
complexity	  values	  were	  obtained	  in	  the	  young	  age	  group	  compared	  to	  middle	  and	  old	  age	  (p	  =	  
0.002,	  p	  =	  0.045)	  with	  PE.	  In	  SP1,	  this	  was	  also	  found	  with	  PLZC,	  for	  which	  values	  in	  young	  age	  
were	   lower	   than	   other	   groups,	   with	   significant	   differences	   (p	   =	   0.044)	   between	   young	   and	  
middle	  age	  groups.	  Similar	  to	  LZC,	  PE	  and	  PLZC	  values	  in	  women	  also	  yielded	  higher	  complexity	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values	   in	   sleep	   states	   but	   no	   significance	   was	   found	   between	   sex,	   and	   the	   variation	   of	   the	  
results	  was	  lower	  than	  LZC.	  	  
Overall,	  all	  three	  methods	  captured	  differences	  in	  brain	  activity	  in	  all	  VS.	  Additionally,	  changes	  
in	   complexity	   in	   the	  course	  of	   sleep	  were	   found.	   LZC	  captures	   the	  changes	   caused	  by	  ageing	  
and	   sex	   differences	   similar	   to	   traditional	   spectral	   sleep	   EEG	   analysis,	   which	   are	   direct	  
consequences	  of	  amplitude	  brain	  activity	  (i.e.,	  SWA).	  Moreover,	  results	  of	  PE	  and	  PLZC	  can	  be	  
concluded	  to	  be	  different	  than	  LZC	  results.	  Similar	  changes	  (i.e.,	  higher	  complexity	  in	  Wake	  and	  
REM	   sleep	   and	   the	   lowest	   complexity	   values	   in	   stage	   N3)	   in	   the	   EEG	   were	   measured.	   This	  
implies	  that	  the	  changes	  in	  the	  brain	  activity	  (i.e.,	  prominent	  brain	  activity	  in	  different	  VS)	  were	  
captured.	  However,	  the	  effects	  of	  ageing	  and	  sex	  differences	  were	  not	  as	  obvious	  with	  PE	  and	  
PLZC.	  Furthermore,	  PE	  and	  PLZC	  might	  be	  reflecting	  the	  fact	  that	  mechanisms	  underlying	  sleep	  
regulation	   are	   not	   different	   between	   women	   and	   men	   and,	   they	   remain	   similar	   at	   the	  
background	  EEG	  activity	  (Luca	  et	  al.,	  2015).	  
5.2.2.   Effects	  of	  Temazepam,	  Zolpidem	  and	  Melatonin	  
Effects	   of	   pharmacological	   manipulations	   were	   characterised	   by	   LZC,	   PE	   and	   PLZC	   on	   the	  
dataset	  described	  in	  section	  2.3.	  The	  main	  findings	  of	  the	  analyses	  were	  presented	  in	  Chapter	  
4.	  Key	  findings	  include,	  significantly	  lower	  PE	  in	  wakefulness	  in	  placebo	  compared	  to	  zolpidem	  
(p	  =	  0.034)	  and	  temazepam	  (p	  =	  0.044)	  in	  the	  SP1.	  Similar	  to	  PE,	  in	  PLZC	  analysis	  this	  was	  also	  
found	  only	  between	  placebo	  and	  zolpidem	  (p	  =	  0.027).	  This	  could	  be	  indicating	  that	  a	  dynamic	  
change	   is	   occurring	   during	   wakefulness	   where	   drug	   serum	   concentrations’	   reach	   their	   peak	  
values	  (i.e.,	  in	  the	  SP1).	  This	  finding	  might	  be	  reflecting	  the	  elicited	  repetitive	  episodes	  of	  hyper	  
synchronisation	   in	   wakefulness	   during	   the	   first	   2-­‐h	   after	   injection	   of	   the	   drug	   (Lancel	   et	   al.,	  
1998).	   Even	   though	   the	   previously	   mentioned	   study	   assessed	   the	   effects	   of	   tiagabine,	   the	  
drug’s	   similarity	   to	   imidazopyridine	   (i.e.,	   zolpidem)	   and	   benzodiazepine	   (temazepam)	   were	  
detailed	   in	   section	   2.3.	   It	   was	   reported	   that	   those	   hypnotics	   all	   act	   at	   GABAA	   receptors	   and	  
exhibit	  similar	  effects	  on	  brain	  activity	  (Bao	  et	  al.,	  2016).	  	  
In	  LZC	  analysis,	  key	  findings	  include	  zolpidem	  significantly	  lowering	  complexity	  in	  N2	  in	  SP1	  and	  
in	   N3	   in	   SP3.	   The	   first	   finding	   is	   particularly	   interesting.	   Zolpidem’s	   suppressing	   effect	   on	  
spindle	  activity	  is	  well-­‐documented	  (Brunner	  et	  al.,	  1991;	  Mendelson,	  1995;	  Monti	  et	  al.,	  2017)	  
and	  this	  study’s	   finding	   is	  consistent	  with	  the	  previous	  studies.	  Suppression	  of	  spindle	  activity	  
caused	   fewer	   occurrences	   of	   these.	   Thus,	   in	   this	   VS,	   lower	   complexity	   was	   obtained	   due	   to	  
reduced	  emergence	  of	  spindle	  patterns	  within	  brain	  activity.	  	  
Chapter	  5	  –	  Discussion	  
89	  
Pinar	  Deniz	  Tosun,	  2018	  
Arbon,	  Knurowska	  and	  Dijk	  (2015)	  made	  use	  of	  the	  same	  dataset	  in	  their	  study.	  They	  reported	  
significantly	   reduced	  SWA	   in	   temazepam	  and	  zolpidem	  administrations	  compared	  to	  placebo.	  
No	  significant	  effect	  of	  prolonged-­‐release	  melatonin	  on	  NREM	  and	  REM	  sleep	  was	  found	  apart	  
from	   the	   reduced	   SWA	   in	   the	   SP1	   compared	   to	   placebo.	   In	   this	   study’s	   findings,	   effects	   of	  
zolpidem	  and	  temazepam	  on	  SWA	  could	  be	  observed	   in	  SP2,	  N3	  stage	  with	  LZC.	  Even	  though	  
this	   could	   not	   be	   deduced	   from	   PE	   and	   PLZC	   analyses,	   LZC	   results	   further	   supports	   its	  
inclination	  to	  spectral	  changes	  as	  well	  as	  it	  is	  efficiency	  in	  reproducing	  the	  results	  of	  traditional	  
sleep	  research.	  	  
Overall,	  in	  human	  sleep	  EEG,	  any	  alteration	  or	  manipulation	  that	  affects	  the	  SWA/SWS	  could	  be	  
tracked	  by	  LZC	  which	  further	  supports	  this	  method’s	  usability	  as	  a	  sleep	  research	  tool.	  PE	  and	  
PLZC	  revealed	  that	  at	  the	  background	  level,	  brain	  activity	  and	  changes	  in	  dynamics	  do	  not	  differ	  
between	  genders.	  Mechanisms	  that	  are	  responsible	  in	  sleep-­‐wake	  regulation	  operate	  similarly	  
in	  males	  and	  females	  but	  physiological	  or	  morphological	  changes	  in	  the	  lifespan	  of	  humans	  (i.e.,	  
ageing,	   disease)	   cause	   structural	   changes	   in	   the	   brain.	   Brain	   maturation	   and	   brain	   tissue	  
deterioration	  might	  be	  significant	  factors	  that	  cause	  these	  structural	  changes	  in	  the	  brain	  and	  
on	  the	  brain	  activity	  reflected	  in	  the	  EEG.	  
5.3.   Symbolic	  Dynamic	  Analysis	  
Non-­‐linear	   analysis	   has	   been	   previously	   used	   and	   proven	   to	   be	   robust	   in	   biological	   signal	  
processing.	   Numerous	   studies	   have	   investigated	   whether	   these	   methods	   reveal	   underlying	  
mechanisms	   in	   biological	   signals	   in	   different	   physiological	   or	   pathological	   conditions.	  
Particularly	  in	  EEG	  analyses,	  these	  studies	  included	  characterisation	  of	  brain	  activity	  in	  epilepsy	  
(Noachtar	   and	   Remi,	   2009)	   and	   neurodegenerative	   diseases	   such	   as	   Alzheimer’s	   disease	  
(Dauwels	   et	   al.,	   2010;	   Babiloni	   et	   al.,	   2013),	   Parkinson’s	   disease	   and	   depression	   (Cumings,	  
1992;	  Jankovic,	  2008).	  These	  studies	  reported	  reduced	  complexity	  of	  the	  brain	  activity	  due	  to	  
pathological	  changes	  in	  the	  brain	  tissue	  which	  affect	  the	  generation	  of	  brain	  activity.	  	  
Different	   non-­‐linear	   analysis	  methods	   have	   been	   previously	   applied	   to	   the	   sleep	   EEG.	   These	  
were	   detailed	   in	   Chapter	   2,	   section	   2.5.	   Non-­‐linear	   analysis	   methods	   such	   as	   correlation	  
dimension	  (Rapp	  et	  al.,	  1985;	  Achermann	  et	  al.,	  1994a;	  Acharya	  et	  al.,	  2005),	  Hurst	  exponent	  
(Achermann	   et	   al.,	   1994b)	   and	   detrended	   fluctuations	   analysis	   (Fell	   et	   al.,	   1996;	   Lee	   et	   al.,	  
2004;	  Weiss	  et	  al.,	  2009),	  and	  different	  entropy	  methods	  as	  PE,	  ApEn,	  SampEn	  (Nicolaou	  and	  
Georgiou,	  2011;	  Bruhn	  et	  al.,	  2000;	  Bruioka	  et	  al.,	  2005;	  Bruce,	  Bruce	  and	  Vennelaganti,	  2009)	  
have	  been	  used	  in	  sleep	  research.	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Sleep	  and	  wakefulness	  are	  regulated	  by	  different	  neurotransmitters	  within	  the	  brain	  (Scammel,	  
Arrigoni	   and	   Lipton,	   2017)	   which	   have	   been	   detailed	   in	   section	   2.1.	   In	   short,	   serotonin	   and	  
norepinephrine	  are	  produced	  by	   the	  neurons	   in	   the	  brainstem	  during	  wakefulness	  and	  other	  
neurons	  are	  responsible	  in	  maintaining	  and	  transitioning	  between	  sleep	  stages	  (Timofeev	  et	  al.,	  
2012).	   Furthermore,	   the	   degree	   of	   synchronisation	   between	   neurons	   in	   different	   VS	  
determines	   the	   information	   processing	   of	   the	   brain	   (Baptista	   and	   Kurths,	   2008).	   It	   has	   been	  
well-­‐established	  that	  the	  cortex	  becomes	  more	  inactive	  as	  sleep	  deepens	  as	  fewer	  neurons	  are	  
active.	   Therefore,	   the	   aforementioned	   studies,	   regardless	   of	   the	   rationale	   of	   the	   technique,	  
repeatedly	   reported	   less	   complex	   brain	   activity	   during	   deep	   sleep	   due	   to	   increased	  
synchronisation	  of	  the	  neurons	  which	  generate	  the	  brain	  activity	  (Timofeev	  et	  al.,	  2012;	  Ma	  et	  
al.,	   2017).	   In	   REM	   sleep	   and	   wakefulness,	   opposite	   findings	   were	   reported.	   Those	   indicated	  
increased	   desynchronisation	   of	   the	   neurons	   as	   well	   as	   increased	   cerebral	   blood	   flow	   and	  
metabolism	   (Madsen	   and	   Vorstrup,	   1991;	   Ahmed	   and	   Cash,	   2013),	   which	   are	   physiological	  
hallmarks	  of	  neuronal	  activity	  (Dworak	  and	  McCarley,	  2010).	  
The	  use	  of	  symbolic	  dynamics	  in	  non-­‐linear	  biomedical	  signal	  processing	  was	  reviewed	  by	  Daw,	  
Finney	  and	  Tracey	  (2003).	  The	  simplicity	  of	  these	  methods,	  their	  robustness	  to	  noise,	  and	  their	  
computational	  efficiency	  have	  been	  reported.	  Furthermore,	  Stam	  (2005)	  proposed	  the	  use	  of	  
PE	   in	   biomedical	   signal	   processing	   also	   due	   to	   its	   simplicity	   in	   complexity	  measurement.	   The	  
main	   issue	  with	  SDA	   techniques	   is	   the	  discretisation	  of	   the	   signal	  where	  a	   limited	  number	  of	  
symbols	  could	  be	  drawn	  from	  the	  finite	  alphabet	  which	  may	  destroy	  the	  correlation	  between	  
the	  real	  and	  symbolised	  signal	  whilst	  the	  partitioning	  (Bradley	  and	  Kantz,	  2015).	  This	  is	  an	  issue	  
with	   LZC,	   which	   makes	   the	   method	   somewhat	   amplitude	   dependent	   (Azami	   and	   Escudero,	  
2016;	  Ibanez-­‐Molina	  et	  al.,	  2015)	  due	  to	  the	  use	  of	  limited	  number	  of	  symbols	  (i.e.,	  mean	  and	  
median	  technique,	  symbols	  “0”,	  “1”).	  
PE	   is	   therefore	   a	   superior	   SDA	   technique	   compared	   to	   LZC	   as	   it	   is	   robust	   to	   noise	   and	   no	  
knowledge	   about	   the	   signal	   distribution	   is	   required	   (Bandt	   and	   Pompe,	   2002).	  However,	   this	  
method	   also	   has	   a	   drawback	   due	   to	   the	   input	   parameters	   required	   in	   the	   computation.	  
Choosing	   the	   input	   parameters	   and	   the	   effect	   of	   these	   choices	   on	   the	   analysis	   has	   been	  
detailed	  in	  section	  2.4.	  Even	  though	  there	  is	  no	  verdict	  on	  the	  optimal	  input	  parameters,	  it	  has	  
been	   suggested	   that	   the	   embedded	   vector	   length	   must	   be	   smaller	   than	   the	   length	   of	   the	  
interested	  signal	  (Bandt	  and	  Pompe,	  2002;	  Zanin	  et	  al.,	  2012;	  Popov,	  Avilov	  and	  Kanaykin,	  2013;	  
Keller,	  Unakafov	  and	  Unakafova,	  2014).	  No	  particular	  suggestion	   for	   this	   input	  parameter	  has	  
been	  reported.	  Moreoever,	  effects	  of	  time	  delay	  have	  also	  been	  discussed	  in	  these	  studies	  with	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testing	   of	   different	   combinations	   stating	   from	   1	   have	   been	   suggested.	   However,	   high	   time	  
delay	   is	  equivalent	   to	  down-­‐sampling	  of	   the	   time	  series	   therefore;	   it	   is	  a	  more	  delicate	   input	  
parameter.	   Furthermore,	   vector	   and	   time	   delay	   combination	   also	   affects	   the	   maximum	  
frequency	  range	  coverage	  (Equation	  12)	  that	  can	  be	  achieved	  by	  these	  parameters	  (King	  et	  al.,	  
2013).	  
fmax=fs	  /	   τ	  *	  m ,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	   	   (12)	  
where	  fmax	  is	  the	  maximum	  frequency	  that	  can	  be	  measured	  in	  relation	  to	  sampling	  frequency,	  
fs	   and	   the	   input	   parameters	  m	  and	   τ.	   According	   to	   Equation	  12,	   it	   can	  be	  deducted	   that	   the	  
sampling	  frequency	  of	  the	  signal	  has	  an	  effect	  on	  this	  frequency	  coverage.	  In	  this	  PhD,	  datasets	  
were	   sampled	   at	   250	  Hz	   (in	   rodent	   EEG	  dataset)	   and	   at	   256	  Hz	   (in	   human	   EEG).	   In	   order	   to	  
achieve	   more	   patterns	   within	   the	   time	   series	   once	   the	   symbol	   series	   was	   created,	  m	   was	  
chosen	   as	   high	   as	   the	   signal	   length	   allowed	   (i.e.,	  m	   =	   6)	   thus,	   τ	   was	   chosen	   as	   1.	  With	   this	  
combination,	   brain	   activity	   up	   to	   41.67	   Hz	   in	   rodents	   and	   42.67	   Hz	   in	   humans	   could	   be	  
analysed.	  As	  previously	  detailed	  in	  Chapter	  2,	  changes	  in	  brain	  activity	  reflected	  in	  the	  EEG	  are	  
well	   within	   this	   frequency	   range	   (Table	   1.1).	   However,	   this	   serves	   as	   an	   important	   point	   to	  
consider	  especially	  if	  the	  changes	  influence	  lower	  brain	  activity	  or	  any	  other	  biological	  activity	  
which	  occur	   in	   low	   frequencies.	   	   Input	  parameter	   selection	   is	   also	   an	   issue	   for	   PLZC,	   a	  novel	  
technique	  that	  combines	  PE	  and	  LZC.	  The	  PE	  algorithm	  is	  used	  in	  the	  symbolisation	  of	  the	  time	  
series	  and	  LZC	  algorithm	  is	  used	  in	  the	  complexity	  computation	  (Bai	  et	  al.,	  2015).	  In	  this	  thesis,	  
PE	  and	  PLZC	  yielded	  similar	  results	  which	  highlight	  the	  importance	  of	  symbolisation	  process	  in	  
SDA.	   Both	   methods	   could	   distinguish	   between	   brain	   activities	   in	   different	   VS.	   Physiological	  
alterations	   (e.g.,	   ageing)	   and	   pharmacological	   manipulations	   (e.g.,	   drug	   administration)	   that	  
affect	   the	   structural	  mechanisms	   underlying	   the	   brain	   activity	   were	   identified.	   These	   results	  
show	  the	  potential	  usefulness	  of	   these	  methods	   in	  sleep	  research,	  where	  non-­‐linear	  dynamic	  
changes	   in	   the	   brain	   activity	   could	   be	   characterised	   by	   relative	   increases	   and	   decreases	   in	  
complexity.	  Furthermore,	  this	  has	  been	  corroborated	  by	  surrogate	  data	  analysis.	  Compared	  to	  
LZC,	  it	  was	  showed	  that	  PE	  and	  PLZC	  in	  fact	  reflect	  changes	  in	  the	  brain	  dynamics	  and	  not	  mere	  
changes	  in	  the	  spectral	  content	  which	  will	  be	  discussed	  next.	  	  	  	  
Surrogate	  data	  analysis	  is	  an	  additional	  statistical	  hypothesis	  test	  which	  is	  widely	  used	  with	  non-­‐
linear	  analysis.	  In	  short,	  it	  is	  the	  statistical	  proving	  of	  underlying	  dynamics	  by	  providing	  evidence	  
about	   the	   time	   series’	   plausible	   features.	   For	   instance,	   by	   keeping	   the	   power	   spectra	   of	   the	  
original	   signal	   but	   randomising	   the	  phases,	   one	   can	  obtain	   two	   visually	   different	   signals	  with	  
same	  linear	  features	  (Palus	  and	  Hoyer,	  1998).	  When	  a	  value	  is	  computed	  from	  surrogate	  data	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denoted	  as	  vs,	   is	  significantly	  different	  then	  the	  value	  computed	  from	  the	  original	  data,	  vd,	  the	  
probability	  of	  obtaining	  vs	  is	  found	  to	  be	  by	  chance	  (Schreiber	  and	  Schmitz,	  1996;	  1997).	  In	  this	  
PhD	  study,	  if	  significantly	  different	  values	  between	  RTS	  and	  STS	  were	  found,	  it	  was	  interpreted	  
as	  measured	  complexity	  arose	  from	  the	  non-­‐linear	  features	  of	  the	  signal	  and	  not	  mere	  spectral	  
properties	  of	  the	  signal.	  	  
Surrogate	   data	   analysis	   in	   all	   datasets	   revealed	   that	   when	   it	   is	   used	   together	   with	   LZC,	   the	  
complexity	  computed	  merely	  reflected	  spectral	  changes	  in	  the	  signal.	   In	  Figure	  4.1,	  Figure	  4.5	  
and	   Figure	   4.8,	   RTS	   and	   STS	   plots	   were	   not	   different.	   These	   results	   were	   also	   supported	   by	  
RSWS	   Test	   performed	   between	   the	   complexity	   measures	   obtained	   from	   RTS	   and	   STS.	   In	  
addition,	  LZC	  results	  were	  consistent	  with	  previous	  sleep	  studies	  based	  on	  the	  Fourier	  analysis.	  
This	  also	  indicates	  and	  supports	  that	  LZC,	  in	  fact,	  measures	  changes	  in	  the	  brain	  activity	  which	  
are	   prone	   to	   be	   a	   result	   of	   changes	   in	   the	   spectrum	   of	   the	   EEG.	   This	   includes	   the	  
characterisation	  of	  sex	  differences	  and	  the	  increased	  complexity	  in	  N2	  and	  N3	  in	  zolpidem	  and	  
temazepam	   administrations	   compared	   to	   placebo,	   all	   of	   which	   have	   direct	   effects	   on	   SWA.	  
However,	  PE	  and	  PLZC	  analyses	  showed	  that	  these	  methods	  compute	  the	  dynamic	  changes	  in	  
brain	  activity.	  These	  could	  be	  observed	  in	  Figures	  4.2,	  4.3.	  In	  the	  majority	  of	  the	  time	  intervals,	  
PE	  and	  PLZC	  values	  were	  significantly	  different	  for	  RTS	  and	  STS	  and,	  these	  differences	  were	  also	  
calculated	  with	  statistical	  analysis	  (Tables	  4.2,	  4.3).	  	  
One	  other	  difference	  between	  LZC,	  PE	  and	  PLZC	  was	  the	  computational	  performance	  of	  these	  
techniques.	   In	  this	  study,	  MATLAB®	  2013a	  was	  used	  for	  all	  mathematical	  operations	   including	  
signal	  extraction,	  non-­‐linear	  signal	  processing	  and	  epoch-­‐by-­‐epoch	  statistical	  analysis	  between	  
RTS	  and	  STS.	  The	  choice	  of	  MATLAB®	  over	  other	  computational	  program	  were;	  the	  easy	  use	  of	  
matrix	  operations	  which	  reduce	  the	  run	  time	  of	  many	  operations,	  the	  prior	  knowledge	  of	  the	  
program	  and	  the	  data	  storage	  capabilities.	  The	  particular	  use	  of	  the	  version	  was	  to	  ensure	  all	  
the	   functions	   written	   for	   the	   work	   would	   be	   compatible	   with	   previously	   written	   scripts	   and	  
functions	   for	   the	   datasets.	   As	   a	   co-­‐product	   of	   the	   study,	   the	   computational	   performances	  
between	  these	  SDA	  techniques	  could	  be	  compared.	  LZC	  was	  the	  fastest	  analysis	  method	  (e.g.,	  
the	  mice	  dataset	   in	  one	   sleep	  period	   took	  20	  min).	  PLZC	   (e.g.,	   the	  mice	  dataset	   in	  one	   sleep	  
period	  took	  2h)	   followed	  LZC	  and	  PE	  (e.g.,	   the	  mice	  dataset	   in	  one	  sleep	  period	  took	  6h)	  was	  
the	   slowest	  of	   them	  all.	   This	  performance	  efficiency	  was	  due	   to	   the	  computation	   step	  of	   the	  
algorithms.	  Symbolisation	  process	   influenced	   the	   features	  extracted	   from	  the	  signals	  but	  also	  
affected	  the	  run	  time	  of	  the	  analysis.	  When	  the	  findings	  were	  compared,	  PLZC	  revealed	  similar	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characteristics	  of	  the	  signal	  as	  PE	  thus,	   it	  could	  be	  deducted	  that	  PLZC	  was	  the	  most	  efficient	  
way	  of	  analysing	  sleep	  EEG	  compared	  to	  LZC	  and	  PE.	  
Overall,	   LZC,	   PE	   and	   PLZC	   proved	   to	   be	   beneficial	   in	   sleep	   research.	   All	   the	   methods	   could	  
discriminate	   the	   complexity	   of	   brain	   activity	   in	   different	   VS	   which	   verified	   the	   usefulness	   of	  
these	  techniques	  by	  delivering	  at	  least	  the	  bare	  minimum	  in	  sleep	  EEG	  analysis.	  Surrogate	  data	  
analysis	  further	  supported	  that	  PE	  and	  PLZC	  revealed	  dynamic	  changes	  in	  the	  brain	  activity	  and	  
characterised	  complexity	  with	   regards	   to	   the	  dynamic	  changes	  caused	  by	   the	  VS.	  LZC,	  on	   the	  
other	   hand,	   was	   found	   to	   be	   robust	   in	   computing	   brain	   activity	   and	   could	   reproduce	   the	  
findings	   of	   traditional	   sleep	   research,	   which	   reflects	   this	   method’s	   potential	   usability	   in	   the	  
characterising	   changes	   in	   sleep	   due	   to	   ageing,	   sex	   differences,	   sleep	   disorders	   and	   sleep	  
medicine.	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6.   Conclusions	  and	  Future	  Work	  
In	  this	  final	  chapter	  conclusions	  extracted	  from	  the	  work,	  the	  original	  contributions	  of	  the	  work	  
and	   the	   future	   direction	   of	   the	   work	   will	   be	   presented.	   Furthermore,	   the	   limitations	   of	   the	  
current	  work	  will	  be	  acknowledged	  and	  finally,	  conference	  attendances	  and	  published	  papers	  
resulted	   from	   the	   PhD	  work	  will	   be	   listed	  which	  will	   be	   followed	   by	   the	   references	   and	   the	  
appendices	  of	  the	  work.	  	  
6.1.  Conclusions	  Extracted	  from	  the	  Work	  
Within	   this	   PhD,	   three	   non-­‐linear	   symbolic	   dynamic	   analysis	   techniques	  were	   used	   on	   three	  
datasets	   comprising	   rodent	   and	   human	   sleep	   EEGs.	   LZC,	   PE	   and	   PLZC	   were	   used	   in	  
characterising	  brain	  activity	  during	  sleep	  as	  a	  complexity	  measure	   in	  normal,	  pathological	  and	  
pharmacological	   sleep.	   In	   addition,	   the	   usability	   of	   these	   methods	   in	   sleep	   research	   was	  
investigated	   using	   surrogate	   data	   analysis	   to	   see	   whether	   any	   of	   these	   methods	   provide	  
complementary	   information	   to	   the	   traditional	   Fourier	   Transform-­‐based	   analysis	   in	   sleep	  
research.	  
This	  study	  had	  the	  following	  hypotheses:	  -­‐‑   Changes	  in	  the	  brain	  activity	  corresponding	  to	  different	  vigilance	  states	  (VS)	  would	  be	  
identifiable,	   with	   wakefulness	   and	   REM	   sleep	   characterised	   by	   higher	   complexity	  
compared	  to	  NREM	  sleep.	  -­‐‑   Changes	  in	  the	  sleep	  EEG	  signal	  in	  ageing	  and	  gender	  would	  be	  identifiable,	  with	  lower	  
complexity	  in	  old	  age	  and	  in	  women.	  -­‐‑   Differences	  in	  complexity	  in	  different	  VS	  would	  be	  identifiable,	  with	  distinct	  increases	  
or	  decreases	  with	  respect	  to	  the	  pharmacological	  manipulation.	  -­‐‑   Changes	   in	   the	   brain	   dynamics	   captured	   with	   non-­‐linear	   symbolic	   dynamic	   analysis	  
techniques	   would	   reflect	   complimentary	   information	   to	   spectral	   analyses,	   with	  
comparisons	  performed	  on	  the	  real	  and	  surrogate	  data.	  
Based	   on	   the	   results,	   depicted	   in	   Chapter	   4	   and	   discussed	   in	   Chapter	   5,	   the	   following	  
conclusions	  were	  extracted:	  
1.   Wakefulness	   and	   REM	   sleep	   are	   characterised	   by	   higher	   LZC,	   PE	   and	   PLZC	   values	  
compared	   to	   NREM	   sleep.	   Significantly	   different	   complexities	   are	   measured	   both	   in	  
mice	  and	  in	  humans	  in	  different	  VS	  revealing	  unique	  brain	  activity	  within	  a	  VS.	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2.   LZC	  emphasises	  changes	  in	  the	  brain	  activity	  caused	  by	  ageing	  and	  sex	  differences.	  No	  
significant	   differences	   between	   real	   and	   surrogate	   data	   were	   found	   in	   LZC	   analysis.	  
However,	   the	  findings	  with	  this	  method	  were	   in	  agreement	  with	  the	  gold	  standard	   in	  
sleep	  research,	  which	  indicates	  this	  method’s	  efficiency	  in	  sleep	  research	  analysis.	  	  
3.   PE	   and	   PLZC	   cannot	   discriminate	   gender’s	   influence	   on	   brain	   activity.	   No	   significant	  
differences	   in	  complexity	   in	  sex	  differences	  were	   found	  with	  PE	  and	  PLZC	  meaning	  at	  
the	   structural	   level,	   men	   and	   women	   have	   similar	   mechanisms	   regulating	   sleep.	   A	  
significant	  effect	  of	  ageing	  was	   found	   in	  old	  age	   (65+).	   In	   this	  age	  group,	  grey	  matter	  
deterioration	   is	   well	   documented.	   This	   causes	   global	   slowing	   of	   the	   brain	   activity	  
reflected	  in	  the	  EEG,	  with	  decreased	  SWA.	  These	  changes	  were	  characterised	  as	  lower	  
complexity	  with	  PE	   and	  PLZC	  due	   to	   fewer	   emergence	  of	   new	  patterns	   in	   the	   signal.	  
These	  results	  suggest	  that	  these	  methods	  could	  measure	  and	  detect	  the	  physiological	  
alteration	  associated	  with	  ageing.	  
4.   In	  mice,	  pharmacological	  manipulations	  are	  highlighted	  with	  LZC,	  PE	  and	  PLZC.	  Effects	  
of	  tiagabine	  administration	  were	  characterised	  as	  significantly	  higher	  complexity	  in	  low	  
dose	  compared	  to	  placebo.	  Statistical	  analysis	  further	  supported	  that	  the	  changes	  were	  
independent	   of	   the	   effects	   of	   changing	  brain	   activity	   due	   to	  VS,	   revealing	   this	   drug’s	  
effect	  on	  compensation	  of	  the	  sleep	  deprivation	  (SD).	  
5.   In	   humans,	   LZC	   may	   detect	   changes	   in	   brain	   activity	   caused	   by	   zolpidem	   and	  
temazepam	  administrations.	  These	  drugs	  were	  found	  to	  have	  an	  effect	  on	  the	  spindle	  
activity	   found	   in	   NREM	   sleep	   stage2.	   This	   particular	   NREM	   sleep	   activity	   has	   high	  
frequency	   and	   high	   amplitude	   components.	   LZC	   was	   able	   to	   detect	   amplitude	  
dependent	  changes	  in	  this	  sleep	  stages	  caused	  by	  the	  drug.	  PE	  and	  PLZC,	  on	  the	  other	  
hand,	   do	   not	   detect	   effects	   of	   pharmacological	   manipulations	   on	   sleep	   stages	   (i.e.,	  
NREM	  and	  REM	  sleep).	  However,	  hyper	   synchronisation	  of	  neurons	   in	  wakefulness	   is	  
highlighted	   with	   PE	   and	   PLZC.	   Hyper	   synchronisation	   of	   the	   neurons	   in	   wakefulness	  
which	  has	  been	  previously	  reported	  in	  traditional	  sleep	  research.	  PE	  and	  PLZC	  detected	  
significant	   changes	   happening	   in	   brain	   activity	   during	   wakefulness	   suggesting	   that	  
underlying	  mechanisms	  in	  neuronal	  activity	  was	  detected.	  	  	  	  	  	  	  
6.   Significant	   differences	   in	   complexity	   between	   real	   and	   surrogate	   data	   analysis	   are	  
found	   in	  PE	  and	  PLZC	  applications	  revealing	  non-­‐linear	  changes	   in	  brain	  activity	  could	  
be	  captured	  by	  these	  methods.	  No	  differences	  were	  found	  for	  LZC	  application	  of	  real	  
and	  surrogate	  data	  revealing	  this	  method’s	  dependency	  on	  spectral	  changes.	  However,	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when	   an	   alteration	   or	   a	  manipulation	   influenced	   the	   SWA,	   LZC	  was	   in	   fact	   robust	   in	  
detecting	  this	  effect.	  
7.   PE	   and	   PLZC	   reveal	   similar	   findings.	   PLZC	   being	   a	   novel	   technique,	   proved	   to	   be	   an	  
applicable	  non-­‐linear	   analysis	   tool	   in	   sleep	  EEG	  analysis.	   Results	  of	  both	  PE	  and	  PLZC	  
were	   in	   agreement	  with	   previous	   findings	   in	   sleep	   EEG	   studies	  with	   PE.	   PE	   and	  PLZC	  
results	   were	   also	   similar,	   which	   might	   be	   suggesting	   that	   the	   symbolisation	   process	  
might	  be	  affecting	  the	  complexity	  measure	  more	  than	  the	  computations	  of	  the	  rate	  of	  
new	   emerging	   patterns.	   In	   addition	   to	   this,	   PLZC	  was	   computationally	  more	   efficient	  
than	  PE.	   LZC	   is	   still	   the	   fastest	  of	   the	   three	  methods,	  which	  could	   further	   support	   its	  
usability	  in	  sleep	  research.	  
Overall,	  this	  PhD	  thesis	  has	  achieved	  its	  aim	  to	  analyse	  the	  changing	  complexity	  of	  brain	  activity	  
in	  the	  EEG	  during	  sleep.	  Effects	  of	  physiological	  alterations	  and	  pharmacological	  manipulations	  
could	  be	  detected	  and	  characterised	  as	  increased	  or	  decreased	  complexity	  in	  brain	  activity.	  In	  
addition	  to	  this	  it	  has	  been	  showed	  that	  the	  non-­‐linear	  symbolic	  dynamic	  analysis	  of	  the	  sleep	  
EEG	   is	  a	  promising	   tool	   to	  gain	   further	   insights	   into	   the	   interpretation	  of	  brain	  activity	  during	  
the	   sleep-­‐wake	   cycle	   as	   a	   complementary	   approach	   to	   methods	   based	   on	   the	   Fourier	  
transform.	  
6.2.  Original	  Contributions	  of	  the	  Study	  
This	  doctoral	  thesis	  has	  contributed	  to	  the	  state	  of	  the	  art	  research	  in	  sleep	  and	  sleep	  medicine	  
by	  characterising	  brain	  activity	  under	  physiological	  and	  pharmacological	  conditions	  using	  non-­‐
linear	  symbolic	  dynamic	  analysis	  techniques.	  In	  addition	  to	  this,	  part	  of	  the	  thesis	  has	  been	  peer	  
reviewed	  and	  published	  in	  a	  technical	  journal.	  The	  main	  contributions	  of	  this	  study	  include:	  
-­‐‑   LZC	  has	  been	  evaluated	  in	  mice	  sleep	  EEG.	  There	  are	  previous	  studies	  which	  performed	  
LZC	  in	  other	  rodents	  (e.g.,	  rat)	  (Amigo	  et	  al.,	  2003,	  2004;	  Szczepànski	  et	  al.,	  2003,	  2004;	  
Arnold	  et	  al.,	  2013;	  Abasolo	  et	  al.,	  2014;).	  However,	  to	  the	  best	  of	  our	  knowledge,	  this	  
method	   has	   not	   been	   used	   on	  mice	   EEG	   before.	   In	   addition	   to	   the	   previous	   studies,	  
longer	   signals	   were	   analysed	   in	   this	   study.	   These	   signals	   were	   recorded	   during	   both	  
light	  and	  dark	  periods	  which	  ensured	  accurate	  characterisation	  of	  the	  brain	  activity	  by	  
revealing	  distinct	  differences	  in	  complexity	  under	  different	  light	  conditions.	  This	  effect	  
has	  been	  previously	  reported	  by	  sleep	  researchers	  (Chemelli	  et	  al.,	  1999;	  Bourin	  et	  al.,	  
2001;	   Turek	   et	   al.,	   2005).	   However,	   characterisation	   of	   this	   effect	   with	   a	   complexity	  
measure	  was	  not	  done	  before.	  Thus,	  the	  findings	  of	  this	  study	  are	  novel	  in	  that	  area.	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-­‐‑   PE	   has	   never	   been	   applied	   to	   rodent	   sleep	   before.	   In	   this	   study,	   PE	   was	   used	   to	  
characterise	  brain	  activity	   in	  different	  VS	  under	  baseline	  conditions.	  The	  effects	  of	  SD	  
and	  drugs	  were	  also	  investigated.	  PE	  has	  previously	  been	  applied	  to	  human	  sleep	  EEG	  
(Nicolaou	  and	  Georgiou,	  2011;	  Ku	  and	  Liang,	  2011)	  and	  the	  findings	  of	  this	  study	  were	  
consistent	  with	  the	  findings	  of	  the	  human	  sleep	  datasets	  in	  characterising	  different	  VS.	  
In	  addition	  to	  measuring	  entropy	  in	  different	  VS,	  effects	  of	  ageing,	  sex	  differences,	  and	  
drugs	  were	  also	   investigated	   in	   this	   study.	  PE	  had	  not	  been	  applied	   to	   these	   types	  of	  
various	   datasets	   before.	   Therefore,	   the	   findings	   of	   this	   PhD	   are	   novel	   particularly	   in	  
sleep	  regulation	  and	  sleep	  medicine.	  -­‐‑   PLZC	  is	  a	  recently	  introduced	  method	  combining	  permutations	  in	  symbolisation	  of	  the	  
signals	  and	  Lempel-­‐Ziv	  algorithm	  to	  compute	  complexity	   from	  the	  emergence	  of	  new	  
patterns	   in	   a	   time	   series.	   There	   are	   only	   a	   few	   studies	  which	   have	  made	   use	   of	   this	  
method.	  Therefore,	  any	  characterisation	  of	  sleep	  EEG	  using	  PLZC	  is	  new.	  Similar	  results	  
were	  obtained	  with	  this	  method	  and	  with	  PE.	  Therefore,	   results	  of	  PE	  and	  PLZC	  were	  
discussed	   together.	   PLZC	  proved	   to	  be	  efficient	   and	   robust	   in	   analysing	  brain	   activity	  
during	  different	  sleep	  states	  both	  in	  rodents	  and	  in	  humans.	  	  
6.3.  Limitations	  and	  Future	  Work	  
There	   are	   numerous	   studies	  which	  made	   use	   of	   conventional	   non-­‐linear	   signal	   processing	   of	  
the	  EEG	  during	  sleep.	  Those	  were	  detailed	  in	  section	  2.2.	  However,	  there	  are	  limited	  number	  of	  
studies	  which	  applied	  LZC	  (commonly	  to	  rat	  sleep	  EEG),	  PE	  (to	  human	  sleep	  EEG)	  and	  PLZC	  to	  
sleep	  EEG.	  Therefore,	  the	  interpretation	  of	  the	  results	  using	  these	  methods	  must	  be	  expanded	  
and	   correlated.	   Within	   this	   thesis,	   results	   were	   discussed	   with	   regards	   to	   previous	   sleep	  
studies,	  most	  of	  which	  used	  Fourier	  Transform	  and	  with	  regards	  to	  symbolic	  dynamic	  analysis	  
where	   it	  was	   applicable.	  With	   the	   help	   of	   a	   few	   studies	   published	   on	  multiple	   definitions	   of	  
complexity	  (Tononi	  et	  al.,	  2003),	  the	  meaning	  of	  LZC,	  PE	  and	  PLZC	  results	  could	  be	  expanded.	  
However,	  no	  direct	  comparison	  between	  these	   linear	  and	  non-­‐linear	  based	  studies	   is	  possible	  
and	  further	  work	  on	  describing	  similarities	  must	  be	  completed.	  
Furthermore,	  the	  input	  parameters	  used	  in	  PE	  and	  PLZC	  also	  limited	  the	  study.	  There	  are	  few	  
studies	  which	  applied	  PE	  and	  PLZC	  to	  sleep	  EEG.	  Therefore,	  the	  selection	  of	   input	  parameters	  
was	   based	   on	   the	   previous	   applications	   of	   these	   methods	   to	   EEG	   analysis.	   These	   methods	  
provided	  us	  with	  multiple	  options	   in	   the	  parameter	   selection	  process.	  However,	   sleep	  EEG	   is	  
segmented	   with	   many	   transient	   episodes	   of	   different	   vigilant	   states.	   Therefore,	   the	   input	  
parameters	   might	   be	   not	   efficient	   in	   determining	   the	   transitions	   or	   in	   characterising	   the	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changing	   VS.	   These	   transitions	   and	   changes	   are	   related	   to	   genetics	   and	   differ	   in	   mice,	   rats,	  
humans,	   and	  other	   species	   (Andretic,	   Franken	  and	  Tafti,	   2008).	   Thus,	  more	  detailed	  analyses	  
should	  be	  completed	  with	  different	  combinations	  of	  the	  input	  parameters	  on	  different	  datasets	  
from	  other	   animals.	   This	  would	  help	   supporting	   the	  hypothesis	   that	   these	  methods	   could	  be	  
used	  as	  non-­‐linear	  analysis	  tools	  in	  sleep	  research.	  In	  addition	  to	  other	  animal	  sleep	  EEGs,	  these	  
methods	   should	  be	  applied	   to	   the	  other	  biological	   signals	  with	   a	  non-­‐linear	  nature.	  Different	  
combinations	   of	   the	   input	   parameters	  might	   reveal	   additional	   information	   about	   how	   these	  
biological	  signals	  were	  formed	  and	  changed	  with	  physiological	  alterations.	  
In	  summary,	  our	  findings	  suggest	  that	  LZC,	  PE	  and	  PLZC	  could	  be	  valuable	  non-­‐linear	  symbolic	  
dynamic	   analysis	   methods	   and	   could	   complement	   standard	   FFT	   analyses	   of	   the	   EEG.	   All	  
methods	  proved	  to	  be	  reliable	  in	  discriminating	  between	  VS	  and	  capturing	  the	  changing	  brain	  
dynamics	  due	   to	   a	  manipulation	   such	   as	   sleep	  deprivation	   and	  pharmacology	   in	   rodents	   and	  
ageing	   in	   humans.	   However,	   the	   logical	   next	   step	   of	   the	   future	  work	   of	   this	   work	  would	   be	  
completing	  EEG	  power	  spectral	  density	  measures	  and	  correlate	  changes	  in	  the	  EEG	  power	  with	  
the	   changes	   in	   complexity	  measures	  which	  would	   enable	   a	   very	   robust	   interpretation	   of	   the	  
findings	  of	  this	  work.	  Furthermore,	  as	  previously	  mentioned	  applications	  of	  these	  methods	  into	  
different	   datasets	  would	   contribute	   to	   the	   efficacy	   of	   using	   non-­‐linear	   analysis	   techniques	   in	  
sleep	  research	  not	  only	  in	  providing	  evidence	  of	  the	  usefulness	  of	  these	  techniques	  but	  also	  in	  
building	  a	  bridge	  between	  the	  sleep	  researchers	  and	  biomedical	  signal	  processing	  community	  
by	   assisting	   the	   interpretation	   of	   the	   results	   and	   revealing	   additional	   information.	   These	  
possible	  collaborations	  would	  ensure	  more	  sustainable	  research	  opportunities	  in	  the	  future.	  On	  
the	  one	  hand,	  the	  recirculation	  of	  the	  already	  existing	  data	  from	  completed	  studies	  (e.g.,	  drug	  
trials)	  would	  be	  reused	  without	  the	  need	  to	  repeat	  similar	  studies	  which	  would	  sustain	  to	  gain	  
further	   insights	   in	  brain	  functioning.	  On	  the	  other	  hand,	  findings	  of	  these	  associated	  research	  
might	  evolve	  the	  way	  these	  trials	  are	  conducted	  similar	  to	  what	   it	  was	  deducted	   in	  this	  study	  
(i.e.,	   no	   significant	   changes	   in	   the	   complexity	   between	   men	   and	   women	   were	   found).	   That	  
raises	   the	  question,	   is	   it	  necessary	   to	   include	  both	  genders	   in	   these	  studies	   (e.g.,	  drug	   trials).	  
These	   future	   lines	  of	   the	  work	  have	  a	  huge	   impact	  on	  the	  sustainability	  of	  not	  only	   the	  sleep	  
research	  field	  but	  the	  wider	  neuroscience	  research.	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Appendix	  1.	  Average	  LZC	  (Td	  =	  median)	  of	  all	  7	  male	  mice	   in	  periods	  A-­‐D.	  A:	  Baseline	  Light,	  B:	  Baseline	  
Dark,	  C:Recovery	  Light	  and	  D:	  Recovery	  Dark.	  T1-­‐T8	  1.5-­‐h	  time	  intervals	  in	  different	  VS.	  VS	  were	  denoted	  
as;	  W:	  wakefulness,	  N:	  NREM	  sleep,	  R:	  REM	  sleep.	  T1-­‐T8	  includes	  averaged	  LZC	  obtained	  from	  real	  time	  
series	  (RTS)	  and	  T1S-­‐T8S	  from	  surrogate	  time	  series	  (STS).	  	  	  
Period	   Subject	   Score	   T1	   T2	   T3	   T4	   T5	   T6	   T7	   T8	  
A	   1	   W	   0.501	   0.519	   0.526	   0.521	   0.508	   0.528	   0.514	   0.524	  
A	   2	   W	   0.479	   0.489	   0.466	   0.480	   0.477	   0.486	   0.461	   0.480	  
A	   3	   W	   0.509	   0.519	   0.514	   0.529	   0.532	   0.519	   0.528	   0.531	  
A	   4	   W	   0.532	   0.537	   0.526	   0.526	   0.545	   0.532	   0.536	   0.531	  
A	   5	   W	   0.506	   0.508	   0.488	   0.505	   0.505	   0.497	   0.495	   0.510	  
A	   6	   W	   0.547	   0.521	   0.542	   0.530	   0.547	   0.539	   0.535	   0.552	  
A	   7	   W	   0.514	   0.506	   0.504	   0.508	   0.512	   0.512	   0.508	   0.514	  
Average	   0.513	   0.514	   0.509	   0.514	   0.518	   0.516	   0.511	   0.520	  
Standard	  error	  of	  Mean	   0.007	   0.005	   0.008	   0.005	   0.008	   0.006	   0.008	   0.007	  
A	   1	   N	   0.385	   0.394	   0.393	   0.400	   0.403	   0.417	   0.403	   0.405	  
A	   2	   N	   0.382	   0.390	   0.400	   0.402	   0.413	   0.419	   0.416	   0.417	  
A	   3	   N	   0.391	   0.406	   0.413	   0.425	   0.427	   0.424	   0.436	   0.443	  
A	   4	   N	   0.427	   0.438	   0.441	   0.450	   0.439	   0.446	   0.447	   0.449	  
A	   5	   N	   0.354	   0.374	   0.381	   0.386	   0.386	   0.395	   0.392	   0.395	  
A	   6	   N	   0.387	   0.389	   0.401	   0.401	   0.406	   0.408	   0.407	   0.407	  
A	   7	   N	   0.372	   0.393	   0.406	   0.406	   0.401	   0.406	   0.413	   0.407	  
Average	   0.385	   0.398	   0.405	   0.410	   0.411	   0.416	   0.416	   0.418	  
Standard	  error	  of	  Mean	   0.007	   0.006	   0.006	   0.006	   0.005	   0.005	   0.006	   0.006	  
A	   1	   R	   0.452	   0.468	   0.467	   0.460	   0.462	   0.469	   0.471	   0.464	  
A	   2	   R	   0.476	   0.473	   0.486	   0.473	   0.501	   0.484	   0.489	   0.497	  
A	   3	   R	   0.458	   0.453	   0.458	   0.465	   0.462	   0.468	   0.470	   0.463	  
A	   4	   R	   0.476	   0.469	   0.462	   0.472	   0.482	   0.476	   0.481	   0.477	  
A	   5	   R	   0.486	   0.489	   0.486	   0.503	   0.495	   0.494	   0.490	   0.503	  
A	   6	   R	   0.482	   0.475	   0.466	   0.476	   0.474	   0.479	   0.464	   0.481	  
A	   7	   R	   0.483	   0.471	   0.482	   0.489	   0.489	   0.472	   0.491	   0.470	  
Average	   0.473	   0.471	   0.472	   0.477	   0.481	   0.477	   0.480	   0.479	  
Standard	  error	  of	  Mean	   0.004	   0.003	   0.004	   0.004	   0.005	   0.003	   0.003	   0.005	  
Period	   Subject	   Score	   T1S	   T2S	   T3S	   T4S	   T5S	   T6S	   T7S	   T8S	  
A	   1	   W	   0.510	   0.528	   0.529	   0.531	   0.514	   0.537	   0.534	   0.529	  
A	   2	   W	   0.489	   0.497	   0.478	   0.491	   0.482	   0.500	   0.460	   0.491	  
A	   3	   W	   0.520	   0.524	   0.521	   0.535	   0.544	   0.532	   0.534	   0.542	  
A	   4	   W	   0.538	   0.540	   0.531	   0.528	   0.554	   0.536	   0.549	   0.535	  
A	   5	   W	   0.519	   0.524	   0.505	   0.518	   0.521	   0.511	   0.508	   0.521	  
A	   6	   W	   0.555	   0.529	   0.548	   0.535	   0.548	   0.546	   0.539	   0.560	  
A	   7	   W	   0.521	   0.513	   0.519	   0.515	   0.521	   0.522	   0.512	   0.522	  
Average	   0.522	   0.522	   0.519	   0.522	   0.526	   0.526	   0.519	   0.529	  
Standard	  error	  of	  Mean	   0.006	   0.004	   0.007	   0.005	   0.008	   0.005	   0.009	   0.006	  
A	   1	   N	   0.396	   0.412	   0.409	   0.413	   0.415	   0.430	   0.419	   0.421	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A	   2	   N	   0.400	   0.401	   0.414	   0.416	   0.426	   0.431	   0.431	   0.431	  
A	   3	   N	   0.407	   0.423	   0.427	   0.437	   0.441	   0.435	   0.449	   0.459	  
A	   4	   N	   0.441	   0.451	   0.453	   0.460	   0.453	   0.458	   0.459	   0.461	  
A	   5	   N	   0.366	   0.384	   0.393	   0.394	   0.398	   0.403	   0.403	   0.408	  
A	   6	   N	   0.398	   0.402	   0.414	   0.414	   0.416	   0.416	   0.420	   0.421	  
A	   7	   N	   0.383	   0.403	   0.413	   0.413	   0.409	   0.412	   0.419	   0.415	  
Average	   0.399	   0.411	   0.418	   0.421	   0.423	   0.427	   0.428	   0.431	  
Standard	  error	  of	  Mean	   0.007	   0.007	   0.006	   0.006	   0.006	   0.006	   0.006	   0.006	  
A	   1	   R	   0.497	   0.504	   0.511	   0.504	   0.502	   0.496	   0.499	   0.503	  
A	   2	   R	   0.488	   0.494	   0.503	   0.492	   0.522	   0.510	   0.510	   0.508	  
A	   3	   R	   0.489	   0.500	   0.497	   0.507	   0.506	   0.505	   0.511	   0.508	  
A	   4	   R	   0.510	   0.516	   0.507	   0.514	   0.524	   0.519	   0.516	   0.514	  
A	   5	   R	   0.521	   0.524	   0.517	   0.530	   0.529	   0.525	   0.530	   0.523	  
A	   6	   R	   0.515	   0.511	   0.506	   0.503	   0.506	   0.507	   0.508	   0.508	  
A	   7	   R	   0.490	   0.509	   0.512	   0.508	   0.501	   0.493	   0.511	   0.490	  
Average	   0.501	   0.508	   0.508	   0.508	   0.513	   0.508	   0.512	   0.508	  
Standard	  error	  of	  Mean	   0.004	   0.003	   0.002	   0.004	   0.004	   0.003	   0.003	   0.003	  
Period	   Subject	   Score	   T1	   T2	   T3	   T4	   T5	   T6	   T7	   T8	  
B	   1	   W	   0.560	   0.553	   0.549	   0.553	   0.559	   0.550	   0.555	   0.557	  
B	   2	   W	   0.518	   0.514	   0.513	   0.502	   0.500	   0.500	   0.488	   0.497	  
B	   3	   W	   0.537	   0.524	   0.514	   0.512	   0.491	   0.487	   0.486	   0.490	  
B	   4	   W	   0.535	   0.532	   0.534	   0.521	   0.514	   0.516	   0.527	   0.523	  
B	   5	   W	   0.537	   0.526	   0.515	   0.522	   0.540	   0.520	   0.520	   0.523	  
B	   6	   W	   0.569	   0.567	   0.553	   0.568	   0.565	   0.552	   0.545	   0.556	  
B	   7	   W	   0.520	   0.523	   0.520	   0.532	   0.532	   0.533	   0.521	   0.513	  
Average	   0.539	   0.534	   0.528	   0.530	   0.529	   0.523	   0.520	   0.523	  
Standard	  error	  of	  Mean	   0.006	   0.006	   0.005	   0.007	   0.009	   0.007	   0.008	   0.008	  
B	   1	   N	   0.447	   0.389	   0.387	   0.361	   	   	   	   	  
B	   2	   N	   0.411	   0.407	   0.387	   0.396	   	   	   0.382	   	  
B	   3	   N	   0.437	   	   0.393	   0.407	   0.377	   0.390	   0.362	   0.364	  
B	   4	   N	   0.452	   	   0.428	   0.437	   0.430	   0.400	   0.410	   0.425	  
B	   5	   N	   0.396	   0.372	   0.371	   0.385	   	   0.409	   0.360	   0.434	  
B	   6	   N	   0.413	   0.367	   0.388	   0.380	   	   	   	   0.421	  
B	   7	   N	   0.425	   0.399	   0.383	   0.385	   	   	   	   	  
Average	   0.426	   0.387	   0.391	   0.393	   0.404	   0.400	   0.378	   0.411	  
Standard	  error	  of	  Mean	   0.006	   0.006	   0.005	   0.007	   0.013	   0.003	   0.008	   0.011	  
B	   1	   R	   0.498	   	   0.442	   	   	   	   	   	  
B	   2	   R	   0.480	   0.471	   0.462	   0.487	   	   	   	   	  
B	   3	   R	   0.464	   	   0.443	   0.453	   	   	   	   	  
B	   4	   R	   0.470	   	   0.455	   0.473	   	   	   	   	  
B	   5	   R	   0.488	   	   	   0.492	   	   	   	   	  
B	   6	   R	   	   	   0.462	   	   	   	   	   	  
B	   7	   R	   	   0.499	   	   0.475	   	   	   	   	  
Average	   0.480	   0.485	   0.453	   0.476	   0.000	   0.000	   0.000	   0.000	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Standard	  error	  of	  Mean	   0.005	   0.007	   0.003	   0.005	   0.000	   0.000	   0.000	   0.000	  
Period	   Subject	   Score	   T1S	   T2S	   T3S	   T4S	   T5S	   T6S	   T7S	   T8S	  
B	   1	   W	   0.571	   0.563	   0.559	   0.565	   0.568	   0.562	   0.567	   0.572	  
B	   2	   W	   0.526	   0.522	   0.521	   0.510	   0.506	   0.506	   0.494	   0.505	  
B	   3	   W	   0.544	   0.535	   0.528	   0.522	   0.502	   0.499	   0.500	   0.502	  
B	   4	   W	   0.541	   0.536	   0.538	   0.526	   0.522	   0.522	   0.535	   0.527	  
B	   5	   W	   0.552	   0.543	   0.535	   0.542	   0.556	   0.534	   0.536	   0.538	  
B	   6	   W	   0.578	   0.575	   0.564	   0.574	   0.576	   0.561	   0.557	   0.567	  
B	   7	   W	   0.531	   0.533	   0.527	   0.541	   0.540	   0.538	   0.527	   0.520	  
Average	   0.549	   0.544	   0.539	   0.540	   0.539	   0.532	   0.531	   0.533	  
Standard	  error	  of	  Mean	   0.006	   0.006	   0.005	   0.007	   0.009	   0.008	   0.008	   0.008	  
B	   1	   N	   0.457	   0.402	   0.404	   0.376	   	   	   	   	  
B	   2	   N	   0.430	   0.426	   0.401	   0.410	   	   	   0.376	   	  
B	   3	   N	   0.455	   	   0.407	   0.415	   0.400	   0.397	   0.376	   0.371	  
B	   4	   N	   0.467	   	   0.444	   0.450	   0.437	   0.396	   0.426	   0.440	  
B	   5	   N	   0.408	   0.393	   0.393	   0.400	   	   0.425	   0.368	   0.404	  
B	   6	   N	   0.426	   0.381	   0.402	   0.383	   	   	   	   0.429	  
B	   7	   N	   0.428	   0.404	   0.390	   0.395	   	   	   	   	  
Average	   0.439	   0.401	   0.406	   0.404	   0.418	   0.406	   0.386	   0.411	  
Standard	  error	  of	  Mean	   0.006	   0.006	   0.005	   0.008	   0.009	   0.006	   0.009	   0.011	  
B	   1	   R	   0.608	   	   0.464	   	   	   	   	   	  
B	   2	   R	   0.480	   0.489	   0.460	   0.479	   	   	   	   	  
B	   3	   R	   0.518	   	   0.486	   0.485	   	   	   	   	  
B	   4	   R	   0.515	   	   0.500	   0.522	   	   	   	   	  
B	   5	   R	   0.523	   	   	   0.525	   	   	   	   	  
B	   6	   R	   	   	   0.477	   	   	   	   	   	  
B	   7	   R	   	   0.520	   	   0.492	   	   	   	   	  
Average	   0.529	   0.504	   0.477	   0.500	   0.000	   0.000	   0.000	   0.000	  
Standard	  error	  of	  Mean	   0.016	   0.007	   0.005	   0.007	   0.000	   0.000	   0.000	   0.000	  
Period	   Subject	   Score	   T1	   T2	   T3	   T4	   T5	   T6	   T7	   T8	  
C	   1	   W	   0.483	   0.401	   0.430	   0.499	   0.510	   0.525	   0.493	   0.525	  
C	   2	   W	   0.478	   0.450	   0.479	   0.475	   0.483	   0.501	   0.481	   0.479	  
C	   3	   W	   0.475	   0.416	   0.451	   0.492	   0.505	   0.513	   0.504	   0.502	  
C	   4	   W	   0.362	   0.346	   0.370	   0.418	   0.444	   0.431	   0.418	   0.410	  
C	   5	   W	   0.513	   0.485	   0.491	   0.499	   0.482	   0.474	   0.492	   0.494	  
C	   6	   W	   0.534	   0.523	   0.499	   0.519	   0.518	   0.539	   0.524	   0.544	  
C	   7	   W	   0.502	   0.484	   0.505	   0.523	   0.509	   0.502	   0.516	   0.516	  
Average	   0.478	   0.444	   0.461	   0.489	   0.493	   0.498	   0.490	   0.496	  
Standard	  error	  of	  Mean	   0.017	   0.019	   0.015	   0.011	   0.008	   0.011	   0.011	   0.013	  
C	   1	   N	   0.296	   0.312	   0.333	   0.369	   0.384	   0.394	   0.408	   0.414	  
C	   2	   N	   0.313	   0.328	   0.347	   0.371	   0.397	   0.399	   0.408	   0.423	  
C	   3	   N	   0.309	   0.323	   0.337	   0.355	   0.384	   0.409	   0.421	   0.427	  
C	   4	   N	   0.301	   0.307	   0.330	   0.359	   0.414	   0.408	   0.412	   0.420	  
C	   5	   N	   0.318	   0.329	   0.345	   0.368	   0.383	   0.393	   0.395	   0.405	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C	   6	   N	   0.338	   0.361	   0.372	   0.384	   0.405	   0.399	   0.419	   0.423	  
C	   7	   N	   0.309	   0.333	   0.361	   0.385	   0.400	   0.412	   0.418	   0.426	  
Average	   0.312	   0.327	   0.346	   0.370	   0.395	   0.402	   0.412	   0.420	  
Standard	  error	  of	  Mean	   0.004	   0.005	   0.005	   0.003	   0.004	   0.002	   0.003	   0.002	  
C	   1	   R	   	   0.414	   0.435	   0.456	   0.461	   0.454	   0.465	   0.465	  
C	   2	   R	   0.422	   0.441	   0.439	   0.471	   0.459	   0.488	   0.475	   0.486	  
C	   3	   R	   	   0.373	   0.408	   0.457	   0.441	   0.456	   0.464	   0.461	  
C	   4	   R	   0.375	   0.369	   0.451	   0.479	   0.489	   0.504	   0.505	   0.490	  
C	   5	   R	   0.482	   0.475	   0.495	   0.494	   0.501	   0.503	   0.507	   0.504	  
C	   6	   R	   0.458	   0.470	   0.472	   0.474	   0.469	   0.490	   0.480	   0.481	  
C	   7	   R	   0.427	   0.442	   0.455	   0.481	   0.487	   0.484	   0.482	   0.492	  
Average	   0.433	   0.426	   0.451	   0.473	   0.472	   0.483	   0.483	   0.483	  
Standard	  error	  of	  Mean	   0.014	   0.013	   0.009	   0.004	   0.006	   0.006	   0.005	   0.005	  
Period	   Subject	   Score	   T1S	   T2S	   T3S	   T4S	   T5S	   T6S	   T7S	   T8S	  
C	   1	   W	   0.496	   0.416	   0.437	   0.508	   0.516	   0.536	   0.500	   0.534	  
C	   2	   W	   0.487	   0.455	   0.484	   0.482	   0.494	   0.505	   0.492	   0.490	  
C	   3	   W	   0.487	   0.434	   0.456	   0.497	   0.512	   0.526	   0.514	   0.510	  
C	   4	   W	   0.384	   0.367	   0.382	   0.434	   0.453	   0.455	   0.439	   0.423	  
C	   5	   W	   0.525	   0.491	   0.494	   0.511	   0.492	   0.482	   0.501	   0.504	  
C	   6	   W	   0.540	   0.526	   0.504	   0.526	   0.526	   0.545	   0.529	   0.550	  
C	   7	   W	   0.508	   0.488	   0.510	   0.532	   0.517	   0.511	   0.528	   0.527	  
Average	   0.490	   0.454	   0.467	   0.499	   0.502	   0.508	   0.500	   0.506	  
Standard	  error	  of	  Mean	   0.016	   0.016	   0.014	   0.010	   0.008	   0.010	   0.009	   0.013	  
C	   1	   N	   0.323	   0.341	   0.360	   0.387	   0.397	   0.410	   0.424	   0.432	  
C	   2	   N	   0.333	   0.349	   0.372	   0.385	   0.414	   0.411	   0.419	   0.438	  
C	   3	   N	   0.342	   0.356	   0.359	   0.372	   0.398	   0.424	   0.431	   0.442	  
C	   4	   N	   0.335	   0.337	   0.353	   0.379	   0.424	   0.424	   0.424	   0.438	  
C	   5	   N	   0.335	   0.343	   0.357	   0.375	   0.395	   0.403	   0.406	   0.415	  
C	   6	   N	   0.354	   0.369	   0.384	   0.394	   0.414	   0.409	   0.427	   0.435	  
C	   7	   N	   0.331	   0.350	   0.373	   0.394	   0.409	   0.416	   0.422	   0.433	  
Average	   0.336	   0.349	   0.365	   0.384	   0.407	   0.414	   0.422	   0.433	  
Standard	  error	  of	  Mean	   0.003	   0.003	   0.003	   0.003	   0.003	   0.002	   0.002	   0.003	  
C	   1	   R	   	   0.444	   0.466	   0.489	   0.499	   0.489	   0.505	   0.505	  
C	   2	   R	   0.435	   0.471	   0.462	   0.495	   0.478	   0.503	   0.494	   0.504	  
C	   3	   R	   	   0.419	   0.443	   0.485	   0.481	   0.488	   0.510	   0.501	  
C	   4	   R	   0.419	   0.411	   0.479	   0.509	   0.516	   0.531	   0.527	   0.516	  
C	   5	   R	   0.494	   0.511	   0.524	   0.525	   0.530	   0.537	   0.537	   0.534	  
C	   6	   R	   0.470	   0.506	   0.503	   0.506	   0.499	   0.518	   0.512	   0.520	  
C	   7	   R	   0.441	   0.455	   0.484	   0.498	   0.512	   0.517	   0.507	   0.520	  
Average	   0.452	   0.459	   0.480	   0.501	   0.502	   0.512	   0.513	   0.514	  
Standard	  error	  of	  Mean	   0.010	   0.012	   0.008	   0.004	   0.006	   0.006	   0.004	   0.004	  
Period	   Subject	   Score	   T1	   T2	   T3	   T4	   T5	   T6	   T7	   T8	  
D	   1	   W	   0.538	   0.547	   0.544	   0.547	   0.534	   0.546	   0.546	   0.540	  
D	   2	   W	   0.511	   0.515	   0.526	   0.518	   0.509	   0.509	   0.522	   0.508	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D	   3	   W	   0.506	   0.509	   0.513	   0.510	   0.510	   0.517	   0.528	   0.521	  
D	   4	   W	   0.415	   0.417	   0.405	   0.434	   0.456	   0.424	   0.433	   0.418	  
D	   5	   W	   0.527	   0.531	   0.522	   0.524	   0.518	   0.508	   0.519	   0.527	  
D	   6	   W	   0.555	   0.541	   0.561	   0.546	   0.546	   0.555	   0.570	   0.552	  
D	   7	   W	   0.511	   0.525	   0.523	   0.515	   0.512	   0.512	   0.513	   0.509	  
Average	   0.509	   0.512	   0.513	   0.514	   0.512	   0.510	   0.519	   0.511	  
Standard	  error	  of	  Mean	   0.014	   0.013	   0.015	   0.012	   0.009	   0.013	   0.013	   0.013	  
D	   1	   N	   0.431	   0.423	   0.416	   0.407	   0.419	   0.416	   0.411	   0.394	  
D	   2	   N	   0.439	   0.431	   0.413	   0.422	   0.431	   0.421	   0.410	   0.398	  
D	   3	   N	   0.408	   0.422	   0.419	   0.429	   0.442	   0.439	   0.440	   0.448	  
D	   4	   N	   0.420	   0.401	   0.414	   0.431	   0.440	   0.421	   	   0.399	  
D	   5	   N	   0.393	   0.399	   0.390	   0.391	   0.370	   0.387	   0.404	   	  
D	   6	   N	   0.415	   0.420	   0.411	   0.413	   0.414	   0.399	   0.400	   0.401	  
D	   7	   N	   0.434	   0.420	   0.409	   0.407	   0.407	   0.407	   0.406	   0.374	  
Average	   0.420	   0.417	   0.410	   0.414	   0.418	   0.413	   0.412	   0.402	  
Standard	  error	  of	  Mean	   0.005	   0.004	   0.003	   0.004	   0.008	   0.005	   0.005	   0.008	  
D	   1	   R	   0.466	   0.466	   0.447	   0.447	   0.453	   0.443	   	   0.442	  
D	   2	   R	   0.506	   0.496	   0.489	   0.501	   0.489	   0.485	   0.477	   0.502	  
D	   3	   R	   0.445	   0.453	   0.451	   0.458	   0.463	   0.462	   0.470	   0.479	  
D	   4	   R	   0.488	   0.497	   0.503	   0.514	   0.511	   	   	   0.513	  
D	   5	   R	   0.473	   0.503	   0.489	   0.490	   0.494	   0.495	   	   	  
D	   6	   R	   	   0.472	   0.496	   0.473	   0.446	   0.469	   0.459	   0.464	  
D	   7	   R	   	   0.476	   	   0.485	   0.484	   	   0.486	   	  
Average	   0.476	   0.480	   0.479	   0.481	   0.477	   0.471	   0.473	   0.480	  
Standard	  error	  of	  Mean	   0.008	   0.006	   0.008	   0.007	   0.007	   0.007	   0.004	   0.010	  
Period	   Subject	   Score	   T1S	   T2S	   T3S	   T4S	   T5S	   T6S	   T7S	   T8S	  
D	   1	   W	   0.546	   0.556	   0.553	   0.555	   0.541	   0.552	   0.555	   0.548	  
D	   2	   W	   0.519	   0.526	   0.535	   0.529	   0.523	   0.519	   0.529	   0.518	  
D	   3	   W	   0.518	   0.521	   0.522	   0.517	   0.515	   0.526	   0.542	   0.535	  
D	   4	   W	   0.425	   0.430	   0.419	   0.440	   0.463	   0.438	   0.444	   0.430	  
D	   5	   W	   0.540	   0.544	   0.536	   0.535	   0.531	   0.518	   0.534	   0.543	  
D	   6	   W	   0.561	   0.548	   0.568	   0.552	   0.553	   0.564	   0.578	   0.562	  
D	   7	   W	   0.522	   0.532	   0.530	   0.524	   0.522	   0.523	   0.521	   0.519	  
Average	   0.519	   0.522	   0.523	   0.522	   0.521	   0.520	   0.529	   0.522	  
Standard	  error	  of	  Mean	   0.014	   0.013	   0.015	   0.012	   0.009	   0.012	   0.013	   0.013	  
D	   1	   N	   0.439	   0.434	   0.432	   0.419	   0.428	   0.427	   0.421	   0.406	  
D	   2	   N	   0.448	   0.444	   0.425	   0.435	   0.441	   0.431	   0.422	   0.415	  
D	   3	   N	   0.418	   0.432	   0.430	   0.436	   0.453	   0.450	   0.451	   0.454	  
D	   4	   N	   0.420	   0.413	   0.423	   0.443	   0.450	   0.433	   	   0.408	  
D	   5	   N	   0.410	   0.411	   0.403	   0.403	   0.383	   0.396	   0.410	   	  
D	   6	   N	   0.416	   0.428	   0.421	   0.421	   0.422	   0.408	   0.409	   0.411	  
D	   7	   N	   0.439	   0.422	   0.417	   0.413	   0.411	   0.412	   0.417	   0.389	  
Average	   0.427	   0.426	   0.422	   0.424	   0.427	   0.422	   0.422	   0.414	  
Standard	  error	  of	  Mean	   0.004	   0.004	   0.003	   0.004	   0.007	   0.006	   0.005	   0.007	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D	   1	   R	   0.510	   0.494	   0.484	   0.481	   0.492	   0.467	   	   0.485	  
D	   2	   R	   0.511	   0.517	   0.510	   0.511	   0.506	   0.485	   0.515	   0.510	  
D	   3	   R	   0.487	   0.484	   0.498	   0.492	   0.505	   0.503	   0.501	   0.521	  
D	   4	   R	   0.507	   0.510	   0.518	   0.540	   0.544	   	   	   0.538	  
D	   5	   R	   0.492	   0.498	   0.511	   0.521	   0.526	   0.524	   	   	  
D	   6	   R	   	   0.512	   0.496	   0.503	   0.543	   0.507	   0.492	   0.505	  
D	   7	   R	   	   0.510	   	   0.508	   0.506	   	   0.506	   	  
Average	   0.502	   0.504	   0.503	   0.508	   0.517	   0.497	   0.503	   0.512	  
Standard	  error	  of	  Mean	   0.004	   0.004	   0.004	   0.006	   0.006	   0.007	   0.003	   0.007	  
	  
Appendix	  2.	  Average	  PE	  (m	  =	  6,	  τ	  =	  1)	  of	  all	  7	  male	  mice	  in	  periods	  A-­‐D.	  A:	  Baseline	  Light,	  B:	  Baseline	  Dark,	  
C:Recovery	  Light	  and	  D:	  Recovery	  Dark.	  T1-­‐T8	  1.5-­‐h	  time	   intervals	   in	  different	  VS.	  VS	  were	  denoted	  as;	  
W:	  wakefulness,	  N:	  NREM	  sleep,	  R:	  REM	  sleep.	  T1-­‐T8	  includes	  averaged	  PE	  obtained	  from	  real	  time	  series	  
(RTS)	  and	  T1S-­‐T8S	  from	  surrogate	  time	  series	  (STS).	  	  	  
Period	   Subject	   Score	   T1	   T2	   T3	   T4	   T5	   T6	   T7	   T8	  
A	   1	   W	   0.631	   0.633	   0.635	   0.634	   0.631	   0.634	   0.634	   0.631	  
A	   2	   W	   0.634	   0.626	   0.624	   0.631	   0.626	   0.627	   0.622	   0.628	  
A	   3	   W	   0.634	   0.631	   0.631	   0.637	   0.634	   0.632	   0.634	   0.634	  
A	   4	   W	   0.632	   0.633	   0.630	   0.630	   0.638	   0.632	   0.631	   0.632	  
A	   5	   W	   0.636	   0.637	   0.631	   0.634	   0.634	   0.634	   0.631	   0.632	  
A	   6	   W	   0.640	   0.633	   0.635	   0.635	   0.637	   0.637	   0.634	   0.640	  
A	   7	   W	   0.640	   0.638	   0.645	   0.639	   0.641	   0.641	   0.640	   0.639	  
Average	   0.635	   0.633	   0.633	   0.634	   0.634	   0.634	   0.632	   0.634	  
Standard	  error	  of	  Mean	   0.001	   0.001	   0.002	   0.001	   0.002	   0.001	   0.002	   0.001	  
A	   1	   N	   0.566	   0.569	   0.571	   0.570	   0.570	   0.575	   0.571	   0.571	  
A	   2	   N	   0.561	   0.562	   0.569	   0.566	   0.575	   0.572	   0.574	   0.572	  
A	   3	   N	   0.562	   0.563	   0.566	   0.572	   0.570	   0.568	   0.572	   0.570	  
A	   4	   N	   0.579	   0.580	   0.580	   0.584	   0.579	   0.581	   0.582	   0.584	  
A	   5	   N	   0.562	   0.564	   0.565	   0.569	   0.570	   0.572	   0.572	   0.570	  
A	   6	   N	   0.566	   0.564	   0.569	   0.567	   0.567	   0.569	   0.569	   0.567	  
A	   7	   N	   0.562	   0.569	   0.571	   0.572	   0.570	   0.571	   0.569	   0.568	  
Average	   0.565	   0.567	   0.570	   0.571	   0.571	   0.573	   0.573	   0.572	  
Standard	  error	  of	  Mean	   0.002	   0.002	   0.002	   0.002	   0.001	   0.001	   0.001	   0.002	  
A	   1	   R	   0.614	   0.621	   0.622	   0.617	   0.621	   0.618	   0.619	   0.619	  
A	   2	   R	   0.599	   0.605	   0.609	   0.607	   0.617	   0.613	   0.614	   0.615	  
A	   3	   R	   0.600	   0.603	   0.611	   0.608	   0.608	   0.610	   0.611	   0.604	  
A	   4	   R	   0.615	   0.612	   0.605	   0.610	   0.620	   0.616	   0.616	   0.620	  
A	   5	   R	   0.620	   0.619	   0.617	   0.624	   0.616	   0.621	   0.622	   0.617	  
A	   6	   R	   0.617	   0.619	   0.607	   0.617	   0.616	   0.618	   0.612	   0.611	  
A	   7	   R	   0.619	   0.619	   0.616	   0.622	   0.616	   0.611	   0.618	   0.611	  
Average	   0.612	   0.614	   0.612	   0.615	   0.617	   0.615	   0.616	   0.614	  
Standard	  error	  of	  Mean	   0.003	   0.002	   0.002	   0.002	   0.001	   0.001	   0.001	   0.002	  
Period	   Subject	   Score	   T1S	   T2S	   T3S	   T4S	   T5S	   T6S	   T7S	   T8S	  
A	   1	   W	   0.645	   0.644	   0.648	   0.646	   0.646	   0.646	   0.643	   0.644	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A	   2	   W	   0.635	   0.629	   0.633	   0.635	   0.630	   0.636	   0.621	   0.627	  
A	   3	   W	   0.645	   0.641	   0.644	   0.649	   0.644	   0.644	   0.645	   0.644	  
A	   4	   W	   0.646	   0.644	   0.644	   0.643	   0.653	   0.647	   0.647	   0.647	  
A	   5	   W	   0.646	   0.646	   0.642	   0.647	   0.643	   0.644	   0.642	   0.644	  
A	   6	   W	   0.652	   0.643	   0.647	   0.644	   0.649	   0.647	   0.647	   0.648	  
A	   7	   W	   0.649	   0.651	   0.655	   0.650	   0.652	   0.654	   0.652	   0.650	  
Average	   0.645	   0.643	   0.645	   0.645	   0.645	   0.645	   0.643	   0.644	  
Standard	  error	  of	  Mean	   0.002	   0.002	   0.002	   0.002	   0.002	   0.002	   0.003	   0.002	  
A	   1	   N	   0.593	   0.595	   0.598	   0.598	   0.596	   0.598	   0.596	   0.595	  
A	   2	   N	   0.580	   0.584	   0.590	   0.587	   0.595	   0.592	   0.594	   0.589	  
A	   3	   N	   0.589	   0.590	   0.591	   0.595	   0.592	   0.590	   0.595	   0.592	  
A	   4	   N	   0.601	   0.599	   0.602	   0.606	   0.602	   0.603	   0.603	   0.606	  
A	   5	   N	   0.592	   0.593	   0.592	   0.595	   0.596	   0.596	   0.598	   0.596	  
A	   6	   N	   0.588	   0.589	   0.591	   0.594	   0.592	   0.591	   0.595	   0.590	  
A	   7	   N	   0.587	   0.592	   0.593	   0.591	   0.591	   0.591	   0.590	   0.587	  
Average	   0.590	   0.592	   0.594	   0.595	   0.595	   0.595	   0.596	   0.594	  
Standard	  error	  of	  Mean	   0.002	   0.001	   0.001	   0.002	   0.001	   0.002	   0.001	   0.002	  
A	   1	   R	   0.630	   0.640	   0.642	   0.634	   0.638	   0.636	   0.640	   0.636	  
A	   2	   R	   0.617	   0.623	   0.624	   0.626	   0.630	   0.627	   0.629	   0.624	  
A	   3	   R	   0.618	   0.623	   0.626	   0.627	   0.623	   0.629	   0.628	   0.621	  
A	   4	   R	   0.639	   0.630	   0.625	   0.630	   0.637	   0.631	   0.635	   0.633	  
A	   5	   R	   0.636	   0.632	   0.630	   0.636	   0.626	   0.637	   0.633	   0.632	  
A	   6	   R	   0.631	   0.632	   0.625	   0.632	   0.632	   0.631	   0.629	   0.626	  
A	   7	   R	   0.633	   0.627	   0.629	   0.635	   0.631	   0.628	   0.629	   0.623	  
Average	   0.629	   0.630	   0.629	   0.632	   0.631	   0.631	   0.632	   0.628	  
Standard	  error	  of	  Mean	   0.003	   0.002	   0.002	   0.001	   0.002	   0.001	   0.001	   0.002	  
Period	   Subject	   Score	   T1	   T2	   T3	   T4	   T5	   T6	   T7	   T8	  
B	   1	   W	   0.639	   0.640	   0.638	   0.638	   0.638	   0.638	   0.638	   0.639	  
B	   2	   W	   0.634	   0.633	   0.637	   0.635	   0.640	   0.640	   0.636	   0.640	  
B	   3	   W	   0.636	   0.634	   0.635	   0.634	   0.625	   0.627	   0.627	   0.629	  
B	   4	   W	   0.634	   0.633	   0.634	   0.629	   0.628	   0.626	   0.630	   0.630	  
B	   5	   W	   0.639	   0.639	   0.638	   0.638	   0.641	   0.639	   0.641	   0.640	  
B	   6	   W	   0.643	   0.645	   0.642	   0.643	   0.646	   0.644	   0.645	   0.646	  
B	   7	   W	   0.632	   0.637	   0.633	   0.635	   0.635	   0.636	   0.630	   0.630	  
Average	   0.637	   0.637	   0.637	   0.636	   0.636	   0.636	   0.635	   0.636	  
Standard	  error	  of	  Mean	   0.001	   0.001	   0.001	   0.001	   0.002	   0.002	   0.002	   0.002	  
B	   1	   N	   0.584	   0.568	   0.562	   0.562	   	   	   	   	  
B	   2	   N	   0.575	   0.567	   0.559	   0.564	   	   	   0.583	   	  
B	   3	   N	   0.572	   	   0.560	   0.567	   0.591	   0.590	   0.571	   0.568	  
B	   4	   N	   0.583	   	   0.577	   0.583	   0.596	   0.578	   0.577	   0.582	  
B	   5	   N	   0.575	   0.577	   0.576	   0.584	   	   0.624	   0.579	   0.615	  
B	   6	   N	   0.576	   0.560	   0.566	   0.566	   	   	   	   0.593	  
B	   7	   N	   0.575	   0.569	   0.558	   0.567	   	   	   	   	  
Average	   0.577	   0.568	   0.566	   0.571	   0.594	   0.597	   0.577	   0.589	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Standard	  error	  of	  Mean	   0.001	   0.002	   0.002	   0.003	   0.001	   0.008	   0.002	   0.007	  
B	   1	   R	   0.656	   	   0.582	   	   	   	   	   	  
B	   2	   R	   0.605	   0.604	   0.589	   0.589	   	   	   	   	  
B	   3	   R	   0.605	   	   0.594	   0.603	   	   	   	   	  
B	   4	   R	   0.611	   	   0.601	   0.621	   	   	   	   	  
B	   5	   R	   0.616	   	   	   0.619	   	   	   	   	  
B	   6	   R	   	   	   0.589	   	   	   	   	   	  
B	   7	   R	   	   0.617	   	   0.630	   	   	   	   	  
Average	   0.619	   0.611	   0.591	   0.613	   0.000	   0.000	   0.000	   0.000	  
Standard	  error	  of	  Mean	   0.007	   0.003	   0.002	   0.005	   0.000	   0.000	   0.000	   0.000	  
Period	   Subject	   Score	   T1S	   T2S	   T3S	   T4S	   T5S	   T6S	   T7S	   T8S	  
B	   1	   W	   0.648	   0.649	   0.648	   0.648	   0.649	   0.650	   0.650	   0.650	  
B	   2	   W	   0.641	   0.635	   0.638	   0.641	   0.647	   0.653	   0.650	   0.648	  
B	   3	   W	   0.647	   0.647	   0.647	   0.645	   0.637	   0.640	   0.641	   0.645	  
B	   4	   W	   0.650	   0.647	   0.646	   0.644	   0.645	   0.641	   0.646	   0.643	  
B	   5	   W	   0.648	   0.648	   0.648	   0.647	   0.652	   0.651	   0.651	   0.652	  
B	   6	   W	   0.652	   0.652	   0.649	   0.651	   0.655	   0.654	   0.654	   0.656	  
B	   7	   W	   0.644	   0.649	   0.644	   0.648	   0.648	   0.647	   0.643	   0.642	  
Average	   0.647	   0.647	   0.646	   0.646	   0.647	   0.648	   0.648	   0.648	  
Standard	  error	  of	  Mean	   0.001	   0.002	   0.001	   0.001	   0.002	   0.002	   0.001	   0.002	  
B	   1	   N	   0.599	   0.592	   0.592	   0.591	   	   	   	   	  
B	   2	   N	   0.593	   0.585	   0.580	   0.586	   	   	   0.597	   	  
B	   3	   N	   0.593	   	   0.586	   0.593	   0.606	   0.612	   0.594	   0.594	  
B	   4	   N	   0.605	   	   0.600	   0.605	   0.613	   0.595	   0.599	   0.600	  
B	   5	   N	   0.594	   0.600	   0.597	   0.606	   	   0.653	   0.609	   0.611	  
B	   6	   N	   0.601	   0.587	   0.590	   0.590	   	   	   	   0.616	  
B	   7	   N	   0.594	   0.590	   0.581	   0.592	   	   	   	   	  
Average	   0.597	   0.591	   0.590	   0.595	   0.610	   0.620	   0.600	   0.605	  
Standard	  error	  of	  Mean	   0.001	   0.002	   0.002	   0.002	   0.002	   0.010	   0.002	   0.004	  
B	   1	   R	   0.642	   	   0.600	   	   	   	   	   	  
B	   2	   R	   0.594	   0.621	   0.595	   0.602	   	   	   	   	  
B	   3	   R	   0.619	   	   0.617	   0.622	   	   	   	   	  
B	   4	   R	   0.627	   	   0.624	   0.638	   	   	   	   	  
B	   5	   R	   0.635	   	   	   0.634	   	   	   	   	  
B	   6	   R	   	   	   0.609	   	   	   	   	   	  
B	   7	   R	   	   0.639	   	   0.628	   	   	   	   	  
Average	   0.623	   0.630	   0.609	   0.625	   0.000	   0.000	   0.000	   0.000	  
Standard	  error	  of	  Mean	   0.006	   0.004	   0.004	   0.005	   0.000	   0.000	   0.000	   0.000	  
Period	   Subject	   Score	   T1	   T2	   T3	   T4	   T5	   T6	   T7	   T8	  
C	   1	   W	   0.615	   0.578	   0.606	   0.627	   0.626	   0.632	   0.622	   0.630	  
C	   2	   W	   0.634	   0.614	   0.621	   0.619	   0.625	   0.629	   0.630	   0.625	  
C	   3	   W	   0.615	   0.576	   0.602	   0.620	   0.626	   0.628	   0.627	   0.628	  
C	   4	   W	   0.584	   0.574	   0.606	   0.620	   0.626	   0.629	   0.621	   0.619	  
C	   5	   W	   0.636	   0.626	   0.625	   0.630	   0.625	   0.622	   0.626	   0.629	  
Appendices	  	  
122	  
Pinar	  Deniz	  Tosun,	  2018	  
C	   6	   W	   0.642	   0.639	   0.628	   0.635	   0.637	   0.636	   0.635	   0.637	  
C	   7	   W	   0.631	   0.639	   0.636	   0.642	   0.638	   0.636	   0.640	   0.638	  
Average	   0.622	   0.607	   0.618	   0.628	   0.629	   0.630	   0.629	   0.630	  
Standard	  error	  of	  Mean	   0.006	   0.009	   0.004	   0.003	   0.002	   0.002	   0.002	   0.002	  
C	   1	   N	   0.520	   0.522	   0.535	   0.550	   0.557	   0.560	   0.565	   0.567	  
C	   2	   N	   0.528	   0.527	   0.541	   0.550	   0.562	   0.560	   0.564	   0.569	  
C	   3	   N	   0.503	   0.514	   0.525	   0.544	   0.555	   0.563	   0.568	   0.565	  
C	   4	   N	   0.519	   0.526	   0.557	   0.567	   0.598	   0.593	   0.583	   0.590	  
C	   5	   N	   0.550	   0.546	   0.554	   0.560	   0.565	   0.568	   0.568	   0.570	  
C	   6	   N	   0.552	   0.557	   0.559	   0.563	   0.569	   0.569	   0.574	   0.575	  
C	   7	   N	   0.528	   0.539	   0.552	   0.564	   0.570	   0.571	   0.572	   0.578	  
Average	   0.529	   0.533	   0.546	   0.557	   0.568	   0.569	   0.570	   0.574	  
Standard	  error	  of	  Mean	   0.005	   0.005	   0.004	   0.003	   0.004	   0.003	   0.002	   0.003	  
C	   1	   R	   	   0.571	   0.601	   0.616	   0.612	   0.606	   0.616	   0.612	  
C	   2	   R	   0.565	   0.575	   0.573	   0.603	   0.592	   0.613	   0.607	   0.609	  
C	   3	   R	   	   0.521	   0.553	   0.579	   0.590	   0.598	   0.610	   0.598	  
C	   4	   R	   0.507	   0.524	   0.590	   0.606	   0.618	   0.622	   0.619	   0.612	  
C	   5	   R	   0.611	   0.614	   0.624	   0.622	   0.625	   0.622	   0.625	   0.624	  
C	   6	   R	   0.602	   0.616	   0.618	   0.618	   0.615	   0.624	   0.619	   0.616	  
C	   7	   R	   0.590	   0.600	   0.610	   0.618	   0.619	   0.623	   0.620	   0.619	  
Average	   0.575	   0.574	   0.596	   0.609	   0.610	   0.615	   0.616	   0.613	  
Standard	  error	  of	  Mean	   0.014	   0.012	   0.008	   0.005	   0.004	   0.003	   0.002	   0.003	  
Period	   Subject	   Score	   T1S	   T2S	   T3S	   T4S	   T5S	   T6S	   T7S	   T8S	  
C	   1	   W	   0.631	   0.597	   0.628	   0.641	   0.640	   0.645	   0.638	   0.643	  
C	   2	   W	   0.646	   0.628	   0.636	   0.639	   0.640	   0.643	   0.636	   0.644	  
C	   3	   W	   0.631	   0.593	   0.622	   0.633	   0.642	   0.641	   0.640	   0.641	  
C	   4	   W	   0.615	   0.611	   0.642	   0.650	   0.652	   0.664	   0.660	   0.656	  
C	   5	   W	   0.649	   0.639	   0.642	   0.643	   0.636	   0.636	   0.639	   0.641	  
C	   6	   W	   0.655	   0.652	   0.639	   0.646	   0.648	   0.646	   0.645	   0.647	  
C	   7	   W	   0.644	   0.652	   0.649	   0.655	   0.650	   0.650	   0.651	   0.649	  
Average	   0.639	   0.625	   0.637	   0.644	   0.644	   0.646	   0.644	   0.646	  
Standard	  error	  of	  Mean	   0.004	   0.008	   0.003	   0.002	   0.002	   0.003	   0.003	   0.002	  
C	   1	   N	   0.559	   0.563	   0.575	   0.585	   0.588	   0.589	   0.591	   0.597	  
C	   2	   N	   0.559	   0.563	   0.572	   0.578	   0.584	   0.583	   0.587	   0.591	  
C	   3	   N	   0.550	   0.551	   0.565	   0.582	   0.583	   0.588	   0.592	   0.588	  
C	   4	   N	   0.564	   0.572	   0.605	   0.608	   0.634	   0.631	   0.622	   0.629	  
C	   5	   N	   0.588	   0.583	   0.590	   0.589	   0.593	   0.595	   0.595	   0.594	  
C	   6	   N	   0.584	   0.587	   0.588	   0.590	   0.593	   0.592	   0.596	   0.598	  
C	   7	   N	   0.566	   0.572	   0.580	   0.586	   0.592	   0.590	   0.592	   0.598	  
Average	   0.567	   0.570	   0.582	   0.588	   0.595	   0.595	   0.596	   0.599	  
Standard	  error	  of	  Mean	   0.004	   0.004	   0.004	   0.003	   0.005	   0.005	   0.004	   0.004	  
C	   1	   R	   	   0.589	   0.622	   0.637	   0.632	   0.626	   0.635	   0.633	  
C	   2	   R	   0.568	   0.584	   0.593	   0.617	   0.610	   0.626	   0.625	   0.624	  
C	   3	   R	   	   0.527	   0.568	   0.590	   0.609	   0.614	   0.627	   0.616	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C	   4	   R	   0.543	   0.549	   0.626	   0.641	   0.659	   0.663	   0.653	   0.653	  
C	   5	   R	   0.627	   0.627	   0.636	   0.635	   0.633	   0.638	   0.632	   0.637	  
C	   6	   R	   0.622	   0.632	   0.635	   0.635	   0.628	   0.640	   0.634	   0.629	  
C	   7	   R	   0.608	   0.617	   0.623	   0.630	   0.633	   0.635	   0.634	   0.634	  
Average	   0.594	   0.589	   0.615	   0.626	   0.629	   0.635	   0.634	   0.632	  
Standard	  error	  of	  Mean	   0.012	   0.012	   0.008	   0.005	   0.005	   0.005	   0.003	   0.004	  
Period	   Subject	   Score	   T1	   T2	   T3	   T4	   T5	   T6	   T7	   T8	  
D	   1	   W	   0.632	   0.634	   0.633	   0.635	   0.634	   0.637	   0.638	   0.636	  
D	   2	   W	   0.635	   0.632	   0.636	   0.634	   0.632	   0.636	   0.639	   0.637	  
D	   3	   W	   0.627	   0.629	   0.628	   0.629	   0.632	   0.630	   0.635	   0.633	  
D	   4	   W	   0.620	   0.618	   0.615	   0.624	   0.629	   0.622	   0.625	   0.622	  
D	   5	   W	   0.635	   0.636	   0.636	   0.636	   0.636	   0.631	   0.634	   0.640	  
D	   6	   W	   0.641	   0.638	   0.644	   0.641	   0.641	   0.642	   0.644	   0.643	  
D	   7	   W	   0.635	   0.637	   0.633	   0.636	   0.637	   0.635	   0.636	   0.631	  
Average	   0.632	   0.632	   0.632	   0.634	   0.634	   0.633	   0.636	   0.635	  
Standard	  error	  of	  Mean	   0.002	   0.002	   0.003	   0.002	   0.001	   0.002	   0.002	   0.002	  
D	   1	   N	   0.571	   0.571	   0.570	   0.570	   0.574	   0.573	   0.570	   0.567	  
D	   2	   N	   0.575	   0.572	   0.570	   0.572	   0.574	   0.575	   0.575	   0.569	  
D	   3	   N	   0.567	   0.570	   0.568	   0.569	   0.576	   0.573	   0.576	   0.578	  
D	   4	   N	   0.585	   0.580	   0.590	   0.594	   0.595	   0.601	   	   0.589	  
D	   5	   N	   0.580	   0.577	   0.570	   0.575	   0.566	   0.566	   0.576	   	  
D	   6	   N	   0.574	   0.575	   0.575	   0.578	   0.579	   0.575	   0.575	   0.571	  
D	   7	   N	   0.580	   0.574	   0.573	   0.572	   0.570	   0.575	   0.578	   0.566	  
Average	   0.576	   0.574	   0.574	   0.576	   0.576	   0.577	   0.575	   0.573	  
Standard	  error	  of	  Mean	   0.002	   0.001	   0.002	   0.003	   0.003	   0.003	   0.001	   0.003	  
D	   1	   R	   0.610	   0.601	   0.593	   0.598	   0.603	   0.598	   	   0.590	  
D	   2	   R	   0.625	   0.620	   0.613	   0.617	   0.612	   0.603	   0.604	   0.614	  
D	   3	   R	   0.586	   0.587	   0.593	   0.593	   0.601	   0.593	   0.595	   0.594	  
D	   4	   R	   0.613	   0.616	   0.623	   0.622	   0.628	   	   	   0.623	  
D	   5	   R	   0.616	   0.618	   0.615	   0.610	   0.616	   0.619	   	   	  
D	   6	   R	   	   0.615	   0.621	   0.618	   0.594	   0.614	   0.607	   0.611	  
D	   7	   R	   	   0.613	   	   0.597	   0.618	   	   0.611	   	  
Average	   0.610	   0.610	   0.610	   0.608	   0.610	   0.605	   0.604	   0.607	  
Standard	  error	  of	  Mean	   0.005	   0.004	   0.004	   0.004	   0.003	   0.004	   0.002	   0.005	  
Period	   Subject	   Score	   T1S	   T2S	   T3S	   T4S	   T5S	   T6S	   T7S	   T8S	  
D	   1	   W	   0.644	   0.645	   0.644	   0.647	   0.646	   0.647	   0.648	   0.648	  
D	   2	   W	   0.645	   0.648	   0.649	   0.647	   0.645	   0.648	   0.650	   0.648	  
D	   3	   W	   0.638	   0.638	   0.642	   0.640	   0.645	   0.643	   0.647	   0.644	  
D	   4	   W	   0.650	   0.643	   0.656	   0.658	   0.657	   0.652	   0.653	   0.644	  
D	   5	   W	   0.645	   0.647	   0.646	   0.646	   0.646	   0.645	   0.646	   0.649	  
D	   6	   W	   0.651	   0.648	   0.653	   0.650	   0.651	   0.651	   0.653	   0.652	  
D	   7	   W	   0.646	   0.650	   0.644	   0.648	   0.649	   0.646	   0.646	   0.642	  
Average	   0.646	   0.646	   0.648	   0.648	   0.648	   0.648	   0.649	   0.647	  
Standard	  error	  of	  Mean	   0.001	   0.001	   0.002	   0.002	   0.001	   0.001	   0.001	   0.001	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D	   1	   N	   0.595	   0.596	   0.595	   0.595	   0.597	   0.593	   0.593	   0.592	  
D	   2	   N	   0.592	   0.591	   0.587	   0.591	   0.594	   0.591	   0.595	   0.590	  
D	   3	   N	   0.593	   0.594	   0.592	   0.590	   0.599	   0.597	   0.597	   0.599	  
D	   4	   N	   0.623	   0.618	   0.631	   0.635	   0.641	   0.638	   	   0.626	  
D	   5	   N	   0.603	   0.602	   0.595	   0.599	   0.593	   0.594	   0.599	   	  
D	   6	   N	   0.593	   0.596	   0.595	   0.598	   0.600	   0.599	   0.596	   0.595	  
D	   7	   N	   0.596	   0.591	   0.591	   0.590	   0.590	   0.594	   0.597	   0.597	  
Average	   0.599	   0.598	   0.598	   0.600	   0.602	   0.601	   0.596	   0.600	  
Standard	  error	  of	  Mean	   0.003	   0.003	   0.004	   0.005	   0.005	   0.005	   0.001	   0.004	  
D	   1	   R	   0.632	   0.620	   0.616	   0.615	   0.626	   0.621	   	   0.614	  
D	   2	   R	   0.632	   0.634	   0.620	   0.627	   0.618	   0.605	   0.608	   0.624	  
D	   3	   R	   0.605	   0.609	   0.615	   0.611	   0.615	   0.616	   0.613	   0.615	  
D	   4	   R	   0.654	   0.646	   0.662	   0.659	   0.664	   	   	   0.660	  
D	   5	   R	   0.635	   0.630	   0.626	   0.623	   0.630	   0.637	   	   	  
D	   6	   R	   	   0.630	   0.632	   0.630	   0.607	   0.624	   0.629	   0.621	  
D	   7	   R	   	   0.630	   	   0.610	   0.634	   	   0.621	   	  
Average	   0.632	   0.629	   0.629	   0.625	   0.628	   0.621	   0.618	   0.627	  
Standard	  error	  of	  Mean	   0.006	   0.004	   0.006	   0.005	   0.006	   0.004	   0.003	   0.006	  
	  
Appendix	  3.	  Average	  PLZC	  (m	  =	  6,	  τ	  =	  1)	  of	  all	  7	  male	  mice	  in	  periods	  A-­‐D.	  A:	  Baseline	  Light,	  B:	  Baseline	  
Dark,	  C:	  Recovery	  Light	  and	  D:	  Recovery	  Dark.	  T1-­‐T8	  1.5-­‐h	  time	  intervals	  in	  different	  VS.	  VS	  were	  denoted	  
as;	  W:	  wakefulness,	  N:	  NREM	  sleep,	  R:	  REM	  sleep.	  T1-­‐T8	  includes	  averaged	  PLZC	  obtained	  from	  real	  time	  
series	  (RTS)	  and	  T1S-­‐T8S	  from	  surrogate	  time	  series	  (STS).	  	  	  
Period	   Subject	   Score	   T1	   T2	   T3	   T4	   T5	   T6	   T7	   T8	  
A	   1	   W	   0.729	   0.733	   0.735	   0.733	   0.732	   0.735	   0.734	   0.731	  
A	   2	   W	   0.731	   0.724	   0.729	   0.729	   0.724	   0.727	   0.722	   0.727	  
A	   3	   W	   0.731	   0.730	   0.730	   0.735	   0.733	   0.732	   0.735	   0.732	  
A	   4	   W	   0.730	   0.730	   0.728	   0.729	   0.732	   0.731	   0.730	   0.731	  
A	   5	   W	   0.733	   0.737	   0.731	   0.736	   0.734	   0.733	   0.732	   0.732	  
A	   6	   W	   0.737	   0.733	   0.736	   0.734	   0.736	   0.736	   0.734	   0.737	  
A	   7	   W	   0.738	   0.737	   0.743	   0.739	   0.741	   0.739	   0.739	   0.737	  
Average	   0.733	   0.732	   0.733	   0.733	   0.733	   0.733	   0.732	   0.732	  
Standard	  error	  of	  Mean	   0.001	   0.001	   0.002	   0.001	   0.002	   0.001	   0.002	   0.001	  
A	   1	   N	   0.668	   0.670	   0.671	   0.671	   0.672	   0.677	   0.672	   0.674	  
A	   2	   N	   0.661	   0.662	   0.669	   0.667	   0.676	   0.672	   0.675	   0.673	  
A	   3	   N	   0.664	   0.666	   0.668	   0.674	   0.670	   0.669	   0.674	   0.672	  
A	   4	   N	   0.680	   0.681	   0.680	   0.682	   0.679	   0.681	   0.681	   0.684	  
A	   5	   N	   0.665	   0.665	   0.667	   0.672	   0.673	   0.674	   0.674	   0.673	  
A	   6	   N	   0.668	   0.666	   0.669	   0.669	   0.668	   0.669	   0.671	   0.669	  
A	   7	   N	   0.661	   0.670	   0.671	   0.671	   0.670	   0.671	   0.668	   0.667	  
Average	   0.667	   0.669	   0.671	   0.672	   0.672	   0.673	   0.674	   0.673	  
Standard	  error	  of	  Mean	   0.002	   0.002	   0.001	   0.001	   0.001	   0.001	   0.001	   0.002	  
A	   1	   R	   0.709	   0.717	   0.716	   0.713	   0.715	   0.714	   0.716	   0.714	  
A	   2	   R	   0.703	   0.704	   0.705	   0.706	   0.716	   0.712	   0.715	   0.715	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A	   3	   R	   0.698	   0.699	   0.706	   0.702	   0.705	   0.707	   0.710	   0.702	  
A	   4	   R	   0.709	   0.709	   0.701	   0.705	   0.715	   0.711	   0.714	   0.717	  
A	   5	   R	   0.720	   0.719	   0.715	   0.721	   0.709	   0.718	   0.720	   0.722	  
A	   6	   R	   0.714	   0.713	   0.705	   0.713	   0.712	   0.718	   0.708	   0.709	  
A	   7	   R	   0.714	   0.711	   0.716	   0.721	   0.713	   0.709	   0.716	   0.709	  
Average	   0.710	   0.710	   0.709	   0.711	   0.712	   0.713	   0.714	   0.713	  
Standard	  error	  of	  Mean	   0.002	   0.002	   0.002	   0.002	   0.001	   0.001	   0.001	   0.002	  
Period	   Subject	   Score	   T1S	   T2S	   T3S	   T4S	   T5S	   T6S	   T7S	   T8S	  
A	   1	   W	   0.738	   0.740	   0.745	   0.742	   0.737	   0.741	   0.739	   0.741	  
A	   2	   W	   0.728	   0.724	   0.726	   0.727	   0.725	   0.729	   0.712	   0.721	  
A	   3	   W	   0.738	   0.737	   0.737	   0.741	   0.738	   0.740	   0.739	   0.738	  
A	   4	   W	   0.739	   0.738	   0.739	   0.736	   0.745	   0.741	   0.742	   0.743	  
A	   5	   W	   0.740	   0.742	   0.741	   0.742	   0.739	   0.739	   0.739	   0.740	  
A	   6	   W	   0.745	   0.740	   0.741	   0.743	   0.743	   0.742	   0.739	   0.742	  
A	   7	   W	   0.744	   0.746	   0.749	   0.745	   0.747	   0.748	   0.747	   0.746	  
Average	   0.739	   0.738	   0.740	   0.739	   0.739	   0.740	   0.737	   0.739	  
Standard	  error	  of	  Mean	   0.002	   0.002	   0.002	   0.002	   0.002	   0.002	   0.004	   0.003	  
A	   1	   N	   0.688	   0.689	   0.694	   0.693	   0.691	   0.695	   0.691	   0.693	  
A	   2	   N	   0.676	   0.679	   0.685	   0.681	   0.691	   0.689	   0.690	   0.686	  
A	   3	   N	   0.683	   0.685	   0.687	   0.691	   0.690	   0.687	   0.690	   0.689	  
A	   4	   N	   0.698	   0.694	   0.697	   0.703	   0.698	   0.699	   0.698	   0.702	  
A	   5	   N	   0.688	   0.687	   0.690	   0.690	   0.693	   0.692	   0.693	   0.692	  
A	   6	   N	   0.686	   0.686	   0.688	   0.690	   0.688	   0.688	   0.689	   0.686	  
A	   7	   N	   0.682	   0.685	   0.686	   0.686	   0.687	   0.688	   0.685	   0.681	  
Average	   0.686	   0.687	   0.690	   0.691	   0.691	   0.691	   0.691	   0.690	  
Standard	  error	  of	  Mean	   0.002	   0.001	   0.001	   0.002	   0.001	   0.001	   0.001	   0.002	  
A	   1	   R	   0.722	   0.733	   0.733	   0.731	   0.734	   0.731	   0.732	   0.730	  
A	   2	   R	   0.716	   0.716	   0.723	   0.722	   0.728	   0.723	   0.726	   0.718	  
A	   3	   R	   0.707	   0.715	   0.722	   0.721	   0.717	   0.721	   0.722	   0.713	  
A	   4	   R	   0.728	   0.724	   0.716	   0.726	   0.731	   0.726	   0.727	   0.728	  
A	   5	   R	   0.730	   0.728	   0.724	   0.732	   0.727	   0.729	   0.730	   0.732	  
A	   6	   R	   0.729	   0.726	   0.719	   0.727	   0.726	   0.726	   0.722	   0.729	  
A	   7	   R	   0.726	   0.725	   0.723	   0.727	   0.726	   0.723	   0.727	   0.720	  
Average	   0.722	   0.724	   0.723	   0.727	   0.727	   0.726	   0.727	   0.724	  
Standard	  error	  of	  Mean	   0.003	   0.002	   0.002	   0.001	   0.002	   0.001	   0.001	   0.002	  
Period	   Subject	   Score	   T1	   T2	   T3	   T4	   T5	   T6	   T7	   T8	  
B	   1	   W	   0.737	   0.738	   0.736	   0.736	   0.736	   0.736	   0.736	   0.737	  
B	   2	   W	   0.732	   0.731	   0.733	   0.732	   0.736	   0.737	   0.734	   0.736	  
B	   3	   W	   0.734	   0.732	   0.733	   0.733	   0.723	   0.725	   0.726	   0.728	  
B	   4	   W	   0.733	   0.730	   0.731	   0.727	   0.726	   0.725	   0.728	   0.728	  
B	   5	   W	   0.737	   0.737	   0.736	   0.736	   0.738	   0.737	   0.738	   0.739	  
B	   6	   W	   0.740	   0.741	   0.739	   0.739	   0.743	   0.742	   0.743	   0.745	  
B	   7	   W	   0.732	   0.735	   0.733	   0.734	   0.734	   0.735	   0.728	   0.728	  
Average	   0.735	   0.735	   0.734	   0.734	   0.734	   0.734	   0.733	   0.734	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Standard	  error	  of	  Mean	   0.001	   0.001	   0.001	   0.001	   0.002	   0.002	   0.002	   0.002	  
B	   1	   N	   0.693	   0.670	   0.663	   0.662	   	   	   	   	  
B	   2	   N	   0.676	   0.669	   0.660	   0.664	   	   	   0.679	   	  
B	   3	   N	   0.673	   	   0.662	   0.668	   0.692	   0.689	   0.673	   0.665	  
B	   4	   N	   0.683	   	   0.677	   0.683	   0.696	   0.677	   0.677	   0.677	  
B	   5	   N	   0.677	   0.677	   0.677	   0.684	   	   0.721	   0.683	   0.721	  
B	   6	   N	   0.679	   0.661	   0.668	   0.669	   	   	   	   0.697	  
B	   7	   N	   0.676	   0.668	   0.658	   0.668	   	   	   	   	  
Average	   0.680	   0.669	   0.666	   0.671	   0.694	   0.696	   0.678	   0.690	  
Standard	  error	  of	  Mean	   0.002	   0.002	   0.002	   0.003	   0.001	   0.008	   0.001	   0.009	  
B	   1	   R	   0.743	   	   0.678	   	   	   	   	   	  
B	   2	   R	   0.708	   0.703	   0.701	   0.693	   	   	   	   	  
B	   3	   R	   0.699	   	   0.687	   0.704	   	   	   	   	  
B	   4	   R	   0.707	   	   0.695	   0.712	   	   	   	   	  
B	   5	   R	   0.709	   	   	   0.720	   	   	   	   	  
B	   6	   R	   	   	   0.685	   	   	   	   	   	  
B	   7	   R	   	   0.711	   	   0.729	   	   	   	   	  
Average	   0.713	   0.707	   0.689	   0.711	   0.000	   0.000	   0.000	   0.000	  
Standard	  error	  of	  Mean	   0.006	   0.002	   0.003	   0.005	   0.000	   0.000	   0.000	   0.000	  
Period	   Subject	   Score	   T1S	   T2S	   T3S	   T4S	   T5S	   T6S	   T7S	   T8S	  
B	   1	   W	   0.742	   0.745	   0.744	   0.744	   0.743	   0.745	   0.745	   0.745	  
B	   2	   W	   0.733	   0.728	   0.730	   0.735	   0.738	   0.745	   0.742	   0.739	  
B	   3	   W	   0.740	   0.740	   0.741	   0.740	   0.732	   0.734	   0.735	   0.737	  
B	   4	   W	   0.744	   0.740	   0.739	   0.738	   0.738	   0.736	   0.740	   0.738	  
B	   5	   W	   0.742	   0.742	   0.741	   0.740	   0.745	   0.746	   0.744	   0.745	  
B	   6	   W	   0.745	   0.745	   0.743	   0.745	   0.749	   0.747	   0.748	   0.750	  
B	   7	   W	   0.739	   0.741	   0.739	   0.742	   0.742	   0.743	   0.738	   0.736	  
Average	   0.741	   0.740	   0.739	   0.740	   0.741	   0.742	   0.742	   0.742	  
Standard	  error	  of	  Mean	   0.001	   0.002	   0.001	   0.001	   0.002	   0.002	   0.001	   0.002	  
B	   1	   N	   0.696	   0.689	   0.684	   0.688	   	   	   	   	  
B	   2	   N	   0.688	   0.681	   0.676	   0.683	   	   	   0.699	   	  
B	   3	   N	   0.690	   	   0.681	   0.688	   0.703	   0.708	   0.687	   0.688	  
B	   4	   N	   0.700	   	   0.695	   0.697	   0.712	   0.688	   0.691	   0.696	  
B	   5	   N	   0.691	   0.699	   0.696	   0.702	   	   0.736	   0.709	   0.739	  
B	   6	   N	   0.690	   0.682	   0.689	   0.688	   	   	   	   0.697	  
B	   7	   N	   0.689	   0.686	   0.678	   0.684	   	   	   	   	  
Average	   0.692	   0.687	   0.685	   0.690	   0.708	   0.711	   0.696	   0.705	  
Standard	  error	  of	  Mean	   0.001	   0.002	   0.002	   0.002	   0.002	   0.009	   0.003	   0.008	  
B	   1	   R	   0.727	   	   0.693	   	   	   	   	   	  
B	   2	   R	   0.705	   0.717	   0.698	   0.688	   	   	   	   	  
B	   3	   R	   0.716	   	   0.709	   0.706	   	   	   	   	  
B	   4	   R	   0.722	   	   0.713	   0.720	   	   	   	   	  
B	   5	   R	   0.725	   	   	   0.720	   	   	   	   	  
B	   6	   R	   	   	   0.699	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B	   7	   R	   	   0.723	   	   0.707	   	   	   	   	  
Average	   0.719	   0.720	   0.702	   0.708	   0.000	   0.000	   0.000	   0.000	  
Standard	  error	  of	  Mean	   0.003	   0.001	   0.003	   0.004	   0.000	   0.000	   0.000	   0.000	  
Period	   Subject	   Score	   T1	   T2	   T3	   T4	   T5	   T6	   T7	   T8	  
C	   1	   W	   0.713	   0.680	   0.708	   0.727	   0.726	   0.731	   0.722	   0.729	  
C	   2	   W	   0.729	   0.714	   0.721	   0.719	   0.725	   0.730	   0.728	   0.726	  
C	   3	   W	   0.715	   0.679	   0.702	   0.721	   0.726	   0.728	   0.727	   0.728	  
C	   4	   W	   0.681	   0.669	   0.702	   0.713	   0.723	   0.720	   0.716	   0.714	  
C	   5	   W	   0.732	   0.727	   0.724	   0.731	   0.727	   0.724	   0.727	   0.730	  
C	   6	   W	   0.739	   0.739	   0.730	   0.732	   0.736	   0.735	   0.735	   0.735	  
C	   7	   W	   0.728	   0.735	   0.735	   0.742	   0.738	   0.734	   0.738	   0.736	  
Average	   0.720	   0.706	   0.718	   0.726	   0.729	   0.729	   0.727	   0.728	  
Standard	  error	  of	  Mean	   0.006	   0.009	   0.004	   0.003	   0.002	   0.002	   0.002	   0.002	  
C	   1	   N	   0.618	   0.621	   0.636	   0.652	   0.657	   0.660	   0.666	   0.668	  
C	   2	   N	   0.626	   0.627	   0.642	   0.649	   0.664	   0.660	   0.664	   0.669	  
C	   3	   N	   0.602	   0.614	   0.625	   0.645	   0.656	   0.664	   0.670	   0.668	  
C	   4	   N	   0.614	   0.619	   0.650	   0.661	   0.692	   0.689	   0.679	   0.683	  
C	   5	   N	   0.651	   0.648	   0.657	   0.662	   0.667	   0.670	   0.672	   0.673	  
C	   6	   N	   0.654	   0.658	   0.660	   0.665	   0.671	   0.672	   0.675	   0.677	  
C	   7	   N	   0.624	   0.636	   0.652	   0.664	   0.670	   0.671	   0.672	   0.679	  
Average	   0.627	   0.632	   0.646	   0.657	   0.668	   0.669	   0.671	   0.674	  
Standard	  error	  of	  Mean	   0.006	   0.005	   0.004	   0.002	   0.004	   0.003	   0.002	   0.002	  
C	   1	   R	   	   0.667	   0.697	   0.711	   0.711	   0.705	   0.712	   0.709	  
C	   2	   R	   0.668	   0.671	   0.679	   0.704	   0.689	   0.709	   0.703	   0.706	  
C	   3	   R	   	   0.616	   0.649	   0.677	   0.687	   0.694	   0.709	   0.694	  
C	   4	   R	   0.592	   0.611	   0.681	   0.695	   0.710	   0.715	   0.712	   0.705	  
C	   5	   R	   0.715	   0.714	   0.722	   0.721	   0.725	   0.718	   0.725	   0.722	  
C	   6	   R	   0.706	   0.714	   0.714	   0.716	   0.712	   0.724	   0.715	   0.714	  
C	   7	   R	   0.683	   0.695	   0.703	   0.716	   0.717	   0.720	   0.718	   0.714	  
Average	   0.673	   0.670	   0.692	   0.706	   0.707	   0.712	   0.713	   0.709	  
Standard	  error	  of	  Mean	   0.016	   0.013	   0.008	   0.005	   0.004	   0.003	   0.002	   0.003	  
Period	   Subject	   Score	   T1S	   T2S	   T3S	   T4S	   T5S	   T6S	   T7S	   T8S	  
C	   1	   W	   0.725	   0.695	   0.721	   0.735	   0.738	   0.741	   0.735	   0.739	  
C	   2	   W	   0.738	   0.721	   0.731	   0.733	   0.736	   0.737	   0.729	   0.735	  
C	   3	   W	   0.726	   0.690	   0.721	   0.730	   0.735	   0.738	   0.735	   0.735	  
C	   4	   W	   0.702	   0.701	   0.734	   0.733	   0.743	   0.750	   0.746	   0.742	  
C	   5	   W	   0.742	   0.733	   0.737	   0.736	   0.733	   0.731	   0.736	   0.736	  
C	   6	   W	   0.747	   0.745	   0.735	   0.741	   0.744	   0.741	   0.739	   0.742	  
C	   7	   W	   0.738	   0.747	   0.744	   0.753	   0.743	   0.746	   0.744	   0.744	  
Average	   0.731	   0.719	   0.732	   0.737	   0.739	   0.740	   0.738	   0.739	  
Standard	  error	  of	  Mean	   0.005	   0.007	   0.003	   0.002	   0.001	   0.002	   0.002	   0.001	  
C	   1	   N	   0.652	   0.657	   0.669	   0.680	   0.682	   0.684	   0.686	   0.692	  
C	   2	   N	   0.651	   0.655	   0.665	   0.670	   0.681	   0.677	   0.681	   0.686	  
C	   3	   N	   0.642	   0.644	   0.657	   0.677	   0.679	   0.686	   0.689	   0.684	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C	   4	   N	   0.652	   0.661	   0.694	   0.699	   0.722	   0.720	   0.713	   0.718	  
C	   5	   N	   0.681	   0.677	   0.683	   0.685	   0.688	   0.691	   0.692	   0.691	  
C	   6	   N	   0.677	   0.682	   0.682	   0.687	   0.690	   0.687	   0.694	   0.694	  
C	   7	   N	   0.655	   0.662	   0.673	   0.681	   0.687	   0.685	   0.688	   0.694	  
Average	   0.658	   0.663	   0.675	   0.683	   0.690	   0.690	   0.692	   0.694	  
Standard	  error	  of	  Mean	   0.004	   0.004	   0.004	   0.003	   0.005	   0.004	   0.003	   0.003	  
C	   1	   R	   	   0.681	   0.716	   0.735	   0.725	   0.719	   0.730	   0.727	  
C	   2	   R	   0.676	   0.687	   0.682	   0.711	   0.706	   0.722	   0.721	   0.717	  
C	   3	   R	   	   0.620	   0.660	   0.696	   0.707	   0.710	   0.721	   0.710	  
C	   4	   R	   0.630	   0.646	   0.716	   0.728	   0.757	   0.749	   0.744	   0.741	  
C	   5	   R	   0.724	   0.725	   0.730	   0.728	   0.728	   0.736	   0.730	   0.733	  
C	   6	   R	   0.717	   0.725	   0.726	   0.729	   0.725	   0.735	   0.730	   0.728	  
C	   7	   R	   0.700	   0.705	   0.719	   0.727	   0.731	   0.730	   0.730	   0.730	  
Average	   0.689	   0.684	   0.707	   0.722	   0.725	   0.729	   0.729	   0.726	  
Standard	  error	  of	  Mean	   0.013	   0.012	   0.008	   0.004	   0.005	   0.004	   0.002	   0.003	  
Period	   Subject	   Score	   T1	   T2	   T3	   T4	   T5	   T6	   T7	   T8	  
D	   1	   W	   0.730	   0.733	   0.733	   0.735	   0.734	   0.736	   0.737	   0.735	  
D	   2	   W	   0.733	   0.732	   0.734	   0.732	   0.732	   0.733	   0.735	   0.734	  
D	   3	   W	   0.725	   0.727	   0.728	   0.728	   0.730	   0.730	   0.733	   0.731	  
D	   4	   W	   0.716	   0.713	   0.709	   0.718	   0.723	   0.717	   0.720	   0.717	  
D	   5	   W	   0.733	   0.735	   0.734	   0.735	   0.733	   0.730	   0.733	   0.737	  
D	   6	   W	   0.738	   0.737	   0.742	   0.739	   0.739	   0.740	   0.742	   0.740	  
D	   7	   W	   0.735	   0.735	   0.733	   0.736	   0.736	   0.734	   0.734	   0.730	  
Average	   0.730	   0.730	   0.730	   0.732	   0.732	   0.732	   0.733	   0.732	  
Standard	  error	  of	  Mean	   0.002	   0.003	   0.003	   0.002	   0.002	   0.002	   0.002	   0.002	  
D	   1	   N	   0.672	   0.673	   0.672	   0.672	   0.675	   0.672	   0.672	   0.667	  
D	   2	   N	   0.675	   0.672	   0.671	   0.674	   0.675	   0.676	   0.674	   0.669	  
D	   3	   N	   0.668	   0.671	   0.668	   0.670	   0.677	   0.675	   0.676	   0.681	  
D	   4	   N	   0.677	   0.677	   0.685	   0.688	   0.689	   0.694	   	   0.685	  
D	   5	   N	   0.681	   0.679	   0.673	   0.676	   0.668	   0.667	   0.676	   	  
D	   6	   N	   0.675	   0.676	   0.677	   0.680	   0.681	   0.678	   0.678	   0.674	  
D	   7	   N	   0.681	   0.674	   0.671	   0.672	   0.670	   0.675	   0.678	   0.667	  
Average	   0.676	   0.674	   0.674	   0.676	   0.677	   0.677	   0.676	   0.674	  
Standard	  error	  of	  Mean	   0.001	   0.001	   0.002	   0.002	   0.002	   0.003	   0.001	   0.002	  
D	   1	   R	   0.712	   0.695	   0.690	   0.697	   0.699	   0.693	   	   0.678	  
D	   2	   R	   0.724	   0.713	   0.703	   0.708	   0.712	   0.704	   0.709	   0.721	  
D	   3	   R	   0.683	   0.683	   0.690	   0.689	   0.698	   0.690	   0.693	   0.697	  
D	   4	   R	   0.708	   0.707	   0.714	   0.717	   0.719	   	   	   0.714	  
D	   5	   R	   0.720	   0.711	   0.716	   0.705	   0.711	   0.718	   	   	  
D	   6	   R	   	   0.711	   0.709	   0.712	   0.701	   0.711	   0.708	   0.709	  
D	   7	   R	   	   0.708	   	   0.698	   0.714	   	   0.711	   	  
Average	   0.710	   0.704	   0.704	   0.704	   0.708	   0.703	   0.705	   0.704	  
Standard	  error	  of	  Mean	   0.005	   0.003	   0.004	   0.003	   0.003	   0.004	   0.003	   0.006	  
Period	   Subject	   Score	   T1S	   T2S	   T3S	   T4S	   T5S	   T6S	   T7S	   T8S	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D	   1	   W	   0.739	   0.740	   0.740	   0.742	   0.741	   0.743	   0.744	   0.743	  
D	   2	   W	   0.737	   0.741	   0.742	   0.741	   0.739	   0.741	   0.743	   0.742	  
D	   3	   W	   0.733	   0.734	   0.735	   0.737	   0.741	   0.737	   0.739	   0.738	  
D	   4	   W	   0.738	   0.737	   0.744	   0.743	   0.746	   0.739	   0.742	   0.733	  
D	   5	   W	   0.741	   0.741	   0.741	   0.741	   0.740	   0.739	   0.739	   0.743	  
D	   6	   W	   0.746	   0.743	   0.747	   0.745	   0.745	   0.743	   0.747	   0.745	  
D	   7	   W	   0.742	   0.744	   0.741	   0.743	   0.743	   0.742	   0.741	   0.737	  
Average	   0.739	   0.740	   0.741	   0.742	   0.742	   0.741	   0.742	   0.740	  
Standard	  error	  of	  Mean	   0.001	   0.001	   0.001	   0.001	   0.001	   0.001	   0.001	   0.001	  
D	   1	   N	   0.690	   0.692	   0.692	   0.691	   0.694	   0.689	   0.695	   0.687	  
D	   2	   N	   0.688	   0.686	   0.683	   0.685	   0.689	   0.687	   0.687	   0.683	  
D	   3	   N	   0.690	   0.690	   0.687	   0.686	   0.695	   0.691	   0.695	   0.696	  
D	   4	   N	   0.715	   0.710	   0.720	   0.724	   0.730	   0.726	   	   0.718	  
D	   5	   N	   0.702	   0.697	   0.691	   0.695	   0.690	   0.689	   0.696	   	  
D	   6	   N	   0.691	   0.692	   0.692	   0.696	   0.696	   0.694	   0.694	   0.692	  
D	   7	   N	   0.692	   0.686	   0.686	   0.688	   0.683	   0.689	   0.693	   0.687	  
Average	   0.696	   0.693	   0.693	   0.695	   0.697	   0.695	   0.693	   0.694	  
Standard	  error	  of	  Mean	   0.003	   0.003	   0.004	   0.004	   0.005	   0.004	   0.001	   0.004	  
D	   1	   R	   0.719	   0.706	   0.699	   0.711	   0.721	   0.712	   	   0.709	  
D	   2	   R	   0.730	   0.728	   0.718	   0.705	   0.717	   0.711	   0.690	   0.718	  
D	   3	   R	   0.699	   0.709	   0.706	   0.707	   0.711	   0.705	   0.710	   0.707	  
D	   4	   R	   0.748	   0.736	   0.752	   0.750	   0.750	   	   	   0.746	  
D	   5	   R	   0.732	   0.728	   0.726	   0.722	   0.729	   0.728	   	   	  
D	   6	   R	   	   0.728	   0.739	   0.728	   0.711	   0.717	   0.718	   0.718	  
D	   7	   R	   	   0.723	   	   0.697	   0.725	   	   0.728	   	  
Average	   0.726	   0.723	   0.723	   0.717	   0.723	   0.715	   0.712	   0.720	  
Standard	  error	  of	  Mean	   0.006	   0.003	   0.006	   0.005	   0.004	   0.003	   0.006	   0.005	  
	  
Appendix	  4.	  Average	  LZC	  (Td	  =	  median)	  of	  all	  7	  male	  mice	  in	  recovery	  light	  and	  dark.	  T1L-­‐T8L	  were	  1.5-­‐h	  
time	   intervals	   in	   recovery	   light	   period	   and	   T1D-­‐T8D	   in	   recovery	   dark	   period	   in	   different	   VS.	   VS	   were	  
denoted	  as;	  W:	  wakefulness,	  N:	  NREM	  sleep,	  R:	  REM	  sleep.	  Treatments	  were	  denoted	  as;	  P:	  placebo,	  LD:	  
low	  dose	  (1mg/kg)	  and	  HD:	  high	  dose	  (2mg/kg).	  	  
Treatment	   Subject	   Score	   T1L	   T2L	   T3L	   T4L	   T5L	   T6L	   T7L	   T8L	   mean	   sem	  
P	   1.000	   W	   0.483	   0.401	   0.430	   0.499	   0.510	   0.525	   0.493	   0.525	   0.483	   0.015	  
P	   2.000	   W	   0.478	   0.450	   0.479	   0.475	   0.483	   0.501	   0.481	   0.479	   0.478	   0.005	  
P	   3.000	   W	   0.475	   0.416	   0.451	   0.492	   0.505	   0.513	   0.504	   0.502	   0.482	   0.011	  
P	   4.000	   W	   0.362	   0.346	   0.370	   0.418	   0.444	   0.431	   0.418	   0.410	   0.400	   0.012	  
P	   5.000	   W	   0.513	   0.485	   0.491	   0.499	   0.482	   0.474	   0.492	   0.494	   0.491	   0.004	  
P	   6.000	   W	   0.534	   0.523	   0.499	   0.519	   0.518	   0.539	   0.524	   0.544	   0.525	   0.005	  
P	   7.000	   W	   0.502	   0.484	   0.505	   0.523	   0.509	   0.502	   0.516	   0.516	   0.507	   0.004	  
P	   1.000	   N	   0.296	   0.312	   0.333	   0.369	   0.384	   0.394	   0.408	   0.414	   0.364	   0.015	  
P	   2.000	   N	   0.313	   0.328	   0.347	   0.371	   0.397	   0.399	   0.408	   0.423	   0.373	   0.013	  
P	   3.000	   N	   0.309	   0.323	   0.337	   0.355	   0.384	   0.409	   0.421	   0.427	   0.371	   0.015	  
P	   4.000	   N	   0.301	   0.307	   0.330	   0.359	   0.414	   0.408	   0.412	   0.420	   0.369	   0.017	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P	   5.000	   N	   0.318	   0.329	   0.345	   0.368	   0.383	   0.393	   0.395	   0.405	   0.367	   0.011	  
P	   6.000	   N	   0.338	   0.361	   0.372	   0.384	   0.405	   0.399	   0.419	   0.423	   0.387	   0.010	  
P	   7.000	   N	   0.309	   0.333	   0.361	   0.385	   0.400	   0.412	   0.418	   0.426	   0.380	   0.014	  
P	   1.000	   R	   	   0.414	   0.435	   0.456	   0.461	   0.454	   0.465	   0.465	   0.450	   0.007	  
P	   2.000	   R	   0.422	   0.441	   0.439	   0.471	   0.459	   0.488	   0.475	   0.486	   0.460	   0.008	  
P	   3.000	   R	   	   0.373	   0.408	   0.457	   0.441	   0.456	   0.464	   0.461	   0.437	   0.012	  
P	   4.000	   R	   0.375	   0.369	   0.451	   0.479	   0.489	   0.504	   0.505	   0.490	   0.458	   0.018	  
P	   5.000	   R	   0.482	   0.475	   0.495	   0.494	   0.501	   0.503	   0.507	   0.504	   0.495	   0.004	  
P	   6.000	   R	   0.458	   0.470	   0.472	   0.474	   0.469	   0.490	   0.480	   0.481	   0.474	   0.003	  
P	   7.000	   R	   0.427	   0.442	   0.455	   0.481	   0.487	   0.484	   0.482	   0.492	   0.469	   0.008	  
LD	   1.000	   W	   0.537	   0.521	   0.514	   0.515	   0.499	   0.517	   0.526	   0.515	   0.518	   0.004	  
LD	   2.000	   W	   0.477	   0.473	   0.461	   0.453	   0.431	   0.477	   0.444	   0.465	   0.460	   0.005	  
LD	   3.000	   W	   0.477	   0.498	   0.489	   0.505	   0.514	   0.498	   0.501	   0.498	   0.497	   0.004	  
LD	   4.000	   W	   0.453	   0.450	   0.445	   0.484	   0.425	   0.425	   0.408	   0.404	   0.437	   0.009	  
LD	   5.000	   W	   0.501	   0.482	   0.495	   0.496	   0.503	   0.500	   0.502	   0.487	   0.496	   0.003	  
LD	   6.000	   W	   0.520	   0.528	   0.520	   0.511	   0.520	   0.520	   0.534	   0.542	   0.524	   0.003	  
LD	   7.000	   W	   0.495	   0.458	   0.482	   0.486	   0.496	   0.506	   0.509	   0.504	   0.492	   0.006	  
LD	   1.000	   N	   0.344	   0.366	   0.386	   0.394	   0.401	   0.415	   0.421	   0.420	   0.393	   0.009	  
LD	   2.000	   N	   0.347	   0.372	   0.378	   0.399	   0.413	   0.425	   0.428	   0.441	   0.400	   0.011	  
LD	   3.000	   N	   0.322	   0.353	   0.373	   0.398	   0.401	   0.404	   0.435	   0.431	   0.390	   0.013	  
LD	   4.000	   N	   0.353	   0.381	   0.423	   0.474	   0.469	   0.457	   0.476	   0.487	   0.440	   0.016	  
LD	   5.000	   N	   0.322	   0.352	   0.362	   0.374	   0.381	   0.391	   0.405	   0.405	   0.374	   0.009	  
LD	   6.000	   N	   0.315	   0.337	   0.357	   0.369	   0.391	   0.401	   0.403	   0.421	   0.374	   0.012	  
LD	   7.000	   N	   0.303	   0.320	   0.349	   0.369	   0.392	   0.400	   0.408	   0.421	   0.370	   0.014	  
LD	   1.000	   R	   0.460	   0.454	   0.462	   0.468	   0.475	   0.472	   0.480	   0.477	   0.468	   0.003	  
LD	   2.000	   R	   0.505	   0.495	   0.473	   0.488	   0.501	   0.498	   0.497	   0.508	   0.496	   0.004	  
LD	   3.000	   R	   	   	   0.459	   0.468	   0.476	   0.461	   0.472	   0.474	   0.468	   0.003	  
LD	   4.000	   R	   0.529	   0.536	   0.579	   0.602	   0.553	   0.545	   0.536	   0.568	   0.556	   0.008	  
LD	   5.000	   R	   0.478	   0.494	   0.504	   0.499	   0.512	   0.511	   0.509	   0.495	   0.500	   0.004	  
LD	   6.000	   R	   0.438	   0.452	   0.446	   0.463	   0.464	   0.463	   0.478	   0.481	   0.461	   0.005	  
LD	   7.000	   R	   0.389	   0.419	   0.460	   0.466	   0.487	   0.476	   0.481	   0.479	   0.457	   0.012	  
HD	   1.000	   W	   0.506	   0.490	   0.492	   0.492	   0.515	   0.515	   0.523	   0.526	   0.507	   0.005	  
HD	   2.000	   W	   0.465	   0.391	   0.446	   0.466	   0.481	   0.449	   0.450	   0.489	   0.455	   0.010	  
HD	   3.000	   W	   0.469	   0.427	   0.505	   0.510	   0.516	   0.500	   0.520	   0.514	   0.495	   0.010	  
HD	   4.000	   W	   0.505	   0.418	   0.474	   0.501	   0.504	   0.511	   0.507	   0.514	   0.492	   0.011	  
HD	   5.000	   W	   0.496	   0.506	   0.470	   0.501	   0.518	   0.507	   0.510	   0.496	   0.501	   0.005	  
HD	   6.000	   W	   0.490	   0.479	   0.525	   0.533	   0.519	   0.535	   0.530	   0.533	   0.518	   0.007	  
HD	   7.000	   W	   0.499	   0.489	   0.498	   0.508	   0.506	   0.507	   0.515	   0.512	   0.504	   0.003	  
HD	   1.000	   N	   0.300	   0.320	   0.351	   0.377	   0.392	   0.400	   0.409	   0.425	   0.372	   0.015	  
HD	   2.000	   N	   0.298	   0.304	   0.333	   0.375	   0.394	   0.423	   0.420	   0.428	   0.372	   0.018	  
HD	   3.000	   N	   0.305	   0.322	   0.348	   0.359	   0.383	   0.396	   0.414	   0.417	   0.368	   0.014	  
HD	   4.000	   N	   0.335	   0.346	   0.377	   0.417	   0.427	   0.443	   0.437	   0.448	   0.404	   0.015	  
HD	   5.000	   N	   0.286	   0.302	   0.335	   0.355	   0.372	   0.396	   0.397	   0.408	   0.356	   0.015	  
HD	   6.000	   N	   0.292	   0.317	   0.340	   0.360	   0.384	   0.399	   0.407	   0.425	   0.366	   0.015	  
HD	   7.000	   N	   0.327	   0.360	   0.379	   0.387	   0.399	   0.421	   0.421	   0.434	   0.391	   0.012	  
HD	   1.000	   R	   0.449	   0.437	   0.455	   0.455	   0.466	   0.469	   0.469	   0.461	   0.458	   0.004	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HD	   2.000	   R	   0.351	   0.382	   0.437	   0.484	   0.479	   0.504	   0.486	   0.514	   0.455	   0.020	  
HD	   3.000	   R	   	   0.419	   0.437	   0.430	   0.442	   0.447	   0.465	   0.438	   0.439	   0.005	  
HD	   4.000	   R	   	   0.409	   0.441	   0.473	   0.471	   0.471	   0.469	   0.470	   0.458	   0.009	  
HD	   5.000	   R	   	   0.453	   0.473	   0.489	   0.498	   0.513	   0.498	   0.512	   0.491	   0.008	  
HD	   6.000	   R	   	   0.433	   0.436	   0.465	   0.458	   0.477	   0.466	   0.473	   0.458	   0.006	  
HD	   7.000	   R	   	   0.475	   0.471	   0.489	   0.481	   0.492	   0.487	   0.494	   0.484	   0.003	  
Treatment	   Subject	   Score	   T1D	   T2D	   T3D	   T4D	   T5D	   T6D	   T7D	   T8D	   mean	   sem	  
P	   1.000	   W	   0.538	   0.547	   0.544	   0.547	   0.534	   0.546	   0.546	   0.540	   0.543	   0.002	  
P	   2.000	   W	   0.511	   0.515	   0.526	   0.518	   0.509	   0.509	   0.522	   0.508	   0.515	   0.002	  
P	   3.000	   W	   0.506	   0.509	   0.513	   0.510	   0.510	   0.517	   0.528	   0.521	   0.514	   0.002	  
P	   4.000	   W	   0.415	   0.417	   0.405	   0.434	   0.456	   0.424	   0.433	   0.418	   0.425	   0.005	  
P	   5.000	   W	   0.527	   0.531	   0.522	   0.524	   0.518	   0.508	   0.519	   0.527	   0.522	   0.002	  
P	   6.000	   W	   0.555	   0.541	   0.561	   0.546	   0.546	   0.555	   0.570	   0.552	   0.553	   0.003	  
P	   7.000	   W	   0.511	   0.525	   0.523	   0.515	   0.512	   0.512	   0.513	   0.509	   0.515	   0.002	  
P	   1.000	   N	   0.431	   0.423	   0.416	   0.407	   0.419	   0.416	   0.411	   0.394	   0.415	   0.004	  
P	   2.000	   N	   0.439	   0.431	   0.413	   0.422	   0.431	   0.421	   0.410	   0.398	   0.421	   0.004	  
P	   3.000	   N	   0.408	   0.422	   0.419	   0.429	   0.442	   0.439	   0.440	   0.448	   0.431	   0.004	  
P	   4.000	   N	   0.420	   0.401	   0.414	   0.431	   0.440	   0.421	   	   0.399	   0.418	   0.005	  
P	   5.000	   N	   0.393	   0.399	   0.390	   0.391	   0.370	   0.387	   0.404	   	   0.391	   0.004	  
P	   6.000	   N	   0.415	   0.420	   0.411	   0.413	   0.414	   0.399	   0.400	   0.401	   0.409	   0.003	  
P	   7.000	   N	   0.434	   0.420	   0.409	   0.407	   0.407	   0.407	   0.406	   0.374	   0.408	   0.006	  
P	   1.000	   R	   0.466	   0.466	   0.447	   0.447	   0.453	   0.443	   	   0.442	   0.452	   0.004	  
P	   2.000	   R	   0.506	   0.496	   0.489	   0.501	   0.489	   0.485	   0.477	   0.502	   0.493	   0.003	  
P	   3.000	   R	   0.445	   0.453	   0.451	   0.458	   0.463	   0.462	   0.470	   0.479	   0.460	   0.004	  
P	   4.000	   R	   0.488	   0.497	   0.503	   0.514	   0.511	   	   	   0.513	   0.504	   0.004	  
P	   5.000	   R	   0.473	   0.503	   0.489	   0.490	   0.494	   0.495	   	   	   0.491	   0.004	  
P	   6.000	   R	   	   0.472	   0.496	   0.473	   0.446	   0.469	   0.459	   0.464	   0.469	   0.005	  
P	   7.000	   R	   	   0.476	   	   0.485	   0.484	   	   0.486	   	   0.483	   0.002	  
LD	   1.000	   W	   0.537	   0.540	   0.555	   0.541	   0.537	   0.531	   0.553	   0.548	   0.543	   0.003	  
LD	   2.000	   W	   0.468	   0.500	   0.502	   0.470	   0.472	   0.472	   0.495	   0.476	   0.482	   0.005	  
LD	   3.000	   W	   0.513	   0.513	   0.476	   0.490	   0.512	   0.516	   0.521	   0.504	   0.506	   0.005	  
LD	   4.000	   W	   0.429	   0.432	   0.439	   0.440	   0.423	   0.410	   0.407	   0.399	   0.422	   0.005	  
LD	   5.000	   W	   0.523	   0.532	   0.529	   0.534	   0.538	   0.506	   0.525	   0.530	   0.527	   0.003	  
LD	   6.000	   W	   0.558	   0.567	   0.553	   0.567	   0.565	   0.546	   0.559	   0.557	   0.559	   0.002	  
LD	   7.000	   W	   0.515	   0.514	   0.509	   0.514	   0.509	   0.522	   0.512	   0.514	   0.514	   0.001	  
LD	   1.000	   N	   0.435	   0.420	   0.426	   0.399	   0.415	   0.416	   0.412	   0.382	   0.413	   0.005	  
LD	   2.000	   N	   0.430	   0.418	   0.402	   0.409	   0.392	   0.394	   0.371	   0.366	   0.398	   0.007	  
LD	   3.000	   N	   0.406	   0.408	   0.411	   0.415	   0.411	   0.417	   0.419	   0.385	   0.409	   0.003	  
LD	   4.000	   N	   0.431	   0.442	   0.456	   0.444	   0.429	   0.432	   0.428	   0.493	   0.444	   0.007	  
LD	   5.000	   N	   0.398	   0.392	   0.392	   0.382	   0.377	   0.389	   0.395	   0.368	   0.386	   0.003	  
LD	   6.000	   N	   0.396	   0.406	   0.412	   0.412	   0.402	   0.415	   0.417	   0.398	   0.407	   0.003	  
LD	   7.000	   N	   0.427	   0.415	   0.415	   0.414	   0.417	   0.413	   0.402	   0.386	   0.411	   0.004	  
LD	   1.000	   R	   0.470	   0.469	   0.426	   0.460	   0.455	   0.459	   	   	   0.457	   0.006	  
LD	   2.000	   R	   0.479	   0.532	   0.478	   0.470	   0.467	   0.476	   0.463	   0.473	   0.480	   0.007	  
LD	   3.000	   R	   0.484	   0.458	   0.471	   0.466	   0.465	   0.470	   0.478	   	   0.470	   0.003	  
LD	   4.000	   R	   	   0.526	   0.541	   0.519	   0.463	   0.519	   	   	   0.514	   0.012	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LD	   5.000	   R	   0.511	   0.485	   	   0.508	   0.497	   0.506	   	   	   0.501	   0.004	  
LD	   6.000	   R	   0.470	   0.459	   0.449	   0.460	   0.453	   0.474	   	   0.435	   0.457	   0.005	  
LD	   7.000	   R	   0.490	   0.521	   0.498	   0.466	   0.478	   	   	   0.474	   0.488	   0.007	  
HD	   1.000	   W	   0.543	   0.536	   0.536	   0.554	   0.542	   0.553	   0.549	   0.549	   0.546	   0.002	  
HD	   2.000	   W	   0.498	   0.513	   0.492	   0.486	   0.483	   0.504	   0.509	   0.507	   0.499	   0.004	  
HD	   3.000	   W	   0.525	   0.527	   0.521	   0.519	   0.523	   0.527	   0.517	   0.499	   0.520	   0.003	  
HD	   4.000	   W	   0.501	   0.509	   0.495	   0.504	   0.496	   0.497	   0.492	   0.446	   0.492	   0.006	  
HD	   5.000	   W	   0.532	   0.547	   0.523	   0.534	   0.532	   0.507	   0.524	   0.543	   0.530	   0.004	  
HD	   6.000	   W	   0.551	   0.559	   0.543	   0.541	   0.550	   0.554	   0.552	   0.555	   0.551	   0.002	  
HD	   7.000	   W	   0.522	   0.515	   0.511	   0.514	   0.509	   0.505	   0.509	   0.512	   0.512	   0.002	  
HD	   1.000	   N	   0.417	   0.425	   0.427	   0.397	   0.404	   0.410	   0.400	   0.376	   0.407	   0.005	  
HD	   2.000	   N	   0.421	   0.413	   0.426	   0.425	   0.418	   0.396	   	   0.367	   0.409	   0.007	  
HD	   3.000	   N	   0.412	   0.413	   0.402	   0.423	   0.428	   0.424	   0.442	   0.401	   0.418	   0.005	  
HD	   4.000	   N	   0.446	   	   0.423	   0.432	   0.432	   0.440	   0.440	   0.398	   0.430	   0.006	  
HD	   5.000	   N	   0.410	   0.398	   0.400	   0.387	   0.392	   0.399	   0.407	   0.369	   0.395	   0.004	  
HD	   6.000	   N	   0.420	   0.416	   0.421	   0.425	   0.407	   0.417	   0.411	   0.399	   0.414	   0.003	  
HD	   7.000	   N	   0.425	   0.419	   0.416	   0.410	   0.409	   0.406	   0.404	   0.375	   0.408	   0.005	  
HD	   1.000	   R	   0.463	   0.464	   0.467	   0.449	   0.462	   0.451	   0.437	   0.436	   0.454	   0.004	  
HD	   2.000	   R	   0.490	   0.467	   0.482	   0.496	   0.450	   0.481	   	   	   0.478	   0.006	  
HD	   3.000	   R	   	   0.444	   0.439	   0.450	   0.446	   0.461	   0.449	   0.443	   0.447	   0.002	  
HD	   4.000	   R	   0.474	   	   0.458	   0.466	   0.456	   0.469	   	   0.461	   0.464	   0.003	  
HD	   5.000	   R	   0.516	   	   0.457	   0.482	   0.491	   0.486	   	   	   0.486	   0.008	  
HD	   6.000	   R	   0.485	   0.464	   0.466	   0.453	   0.481	   0.465	   0.450	   0.455	   0.465	   0.004	  
HD	   7.000	   R	   0.498	   0.491	   0.479	   0.493	   0.466	   0.491	   0.484	   	   0.486	   0.004	  
	  
Appendix	  5.	  Average	  PE	  (m	  =	  6,	  τ	  =	  1)	  of	  all	  7	  male	  mice	  in	  recovery	  light	  and	  dark.	  T1L-­‐T8L	  were	  1.5-­‐h	  
time	   intervals	   in	   recovery	   light	   period	   and	   T1D-­‐T8D	   in	   recovery	   dark	   period	   in	   different	   VS.	   VS	   were	  
denoted	  as;	  W:	  wakefulness,	  N:	  NREM	  sleep,	  R:	  REM	  sleep.	  Treatments	  were	  denoted	  as;	  P:	  placebo,	  LD:	  
low	  dose	  (1mg/kg)	  and	  HD:	  high	  dose	  (2mg/kg).	  	  
Treatment	   Subject	   Score	   T1L	   T2L	   T3L	   T4L	   T5L	   T6L	   T7L	   T8L	   mean	   sem	  
P	   1.000	   W	   0.615	   0.578	   0.606	   0.627	   0.626	   0.632	   0.622	   0.630	   0.617	   0.006	  
P	   2.000	   W	   0.634	   0.614	   0.621	   0.619	   0.625	   0.629	   0.630	   0.625	   0.625	   0.002	  
P	   3.000	   W	   0.615	   0.576	   0.602	   0.620	   0.626	   0.628	   0.627	   0.628	   0.615	   0.006	  
P	   4.000	   W	   0.584	   0.574	   0.606	   0.620	   0.626	   0.629	   0.621	   0.619	   0.610	   0.007	  
P	   5.000	   W	   0.636	   0.626	   0.625	   0.630	   0.625	   0.622	   0.626	   0.629	   0.628	   0.001	  
P	   6.000	   W	   0.642	   0.639	   0.628	   0.635	   0.637	   0.636	   0.635	   0.637	   0.636	   0.001	  
P	   7.000	   W	   0.631	   0.639	   0.636	   0.642	   0.638	   0.636	   0.640	   0.638	   0.638	   0.001	  
P	   1.000	   N	   0.520	   0.522	   0.535	   0.550	   0.557	   0.560	   0.565	   0.567	   0.547	   0.006	  
P	   2.000	   N	   0.528	   0.527	   0.541	   0.550	   0.562	   0.560	   0.564	   0.569	   0.550	   0.005	  
P	   3.000	   N	   0.503	   0.514	   0.525	   0.544	   0.555	   0.563	   0.568	   0.565	   0.542	   0.008	  
P	   4.000	   N	   0.519	   0.526	   0.557	   0.567	   0.598	   0.593	   0.583	   0.590	   0.567	   0.010	  
P	   5.000	   N	   0.550	   0.546	   0.554	   0.560	   0.565	   0.568	   0.568	   0.570	   0.560	   0.003	  
P	   6.000	   N	   0.552	   0.557	   0.559	   0.563	   0.569	   0.569	   0.574	   0.575	   0.565	   0.003	  
P	   7.000	   N	   0.528	   0.539	   0.552	   0.564	   0.570	   0.571	   0.572	   0.578	   0.559	   0.006	  
P	   1.000	   R	   	   0.571	   0.601	   0.616	   0.612	   0.606	   0.616	   0.612	   0.605	   0.006	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P	   2.000	   R	   0.565	   0.575	   0.573	   0.603	   0.592	   0.613	   0.607	   0.609	   0.592	   0.006	  
P	   3.000	   R	   	   0.521	   0.553	   0.579	   0.590	   0.598	   0.610	   0.598	   0.578	   0.011	  
P	   4.000	   R	   0.507	   0.524	   0.590	   0.606	   0.618	   0.622	   0.619	   0.612	   0.587	   0.015	  
P	   5.000	   R	   0.611	   0.614	   0.624	   0.622	   0.625	   0.622	   0.625	   0.624	   0.621	   0.002	  
P	   6.000	   R	   0.602	   0.616	   0.618	   0.618	   0.615	   0.624	   0.619	   0.616	   0.616	   0.002	  
P	   7.000	   R	   0.590	   0.600	   0.610	   0.618	   0.619	   0.623	   0.620	   0.619	   0.612	   0.004	  
LD	   1.000	   W	   0.642	   0.636	   0.633	   0.636	   0.631	   0.635	   0.634	   0.634	   0.635	   0.001	  
LD	   2.000	   W	   0.640	   0.633	   0.627	   0.620	   0.615	   0.631	   0.623	   0.627	   0.627	   0.003	  
LD	   3.000	   W	   0.634	   0.637	   0.633	   0.637	   0.638	   0.636	   0.633	   0.634	   0.635	   0.001	  
LD	   4.000	   W	   0.624	   0.624	   0.633	   0.639	   0.626	   0.619	   0.623	   0.622	   0.626	   0.002	  
LD	   5.000	   W	   0.636	   0.628	   0.632	   0.632	   0.632	   0.631	   0.631	   0.628	   0.631	   0.001	  
LD	   6.000	   W	   0.636	   0.628	   0.631	   0.628	   0.631	   0.631	   0.636	   0.637	   0.632	   0.001	  
LD	   7.000	   W	   0.630	   0.615	   0.631	   0.629	   0.637	   0.635	   0.637	   0.634	   0.631	   0.002	  
LD	   1.000	   N	   0.555	   0.561	   0.567	   0.567	   0.571	   0.574	   0.575	   0.575	   0.568	   0.002	  
LD	   2.000	   N	   0.559	   0.564	   0.562	   0.568	   0.573	   0.576	   0.578	   0.579	   0.570	   0.003	  
LD	   3.000	   N	   0.555	   0.562	   0.573	   0.579	   0.579	   0.580	   0.587	   0.583	   0.575	   0.004	  
LD	   4.000	   N	   0.591	   0.595	   0.607	   0.628	   0.612	   0.608	   0.617	   0.619	   0.610	   0.004	  
LD	   5.000	   N	   0.554	   0.559	   0.561	   0.563	   0.567	   0.570	   0.575	   0.571	   0.565	   0.002	  
LD	   6.000	   N	   0.532	   0.539	   0.546	   0.554	   0.560	   0.563	   0.565	   0.571	   0.554	   0.005	  
LD	   7.000	   N	   0.514	   0.522	   0.540	   0.553	   0.564	   0.566	   0.567	   0.570	   0.549	   0.007	  
LD	   1.000	   R	   0.614	   0.618	   0.619	   0.623	   0.628	   0.624	   0.623	   0.620	   0.621	   0.001	  
LD	   2.000	   R	   0.617	   0.611	   0.614	   0.617	   0.618	   0.612	   0.618	   0.618	   0.615	   0.001	  
LD	   3.000	   R	   	   	   0.602	   0.614	   0.627	   0.613	   0.612	   0.617	   0.614	   0.003	  
LD	   4.000	   R	   0.631	   0.630	   0.649	   0.645	   0.629	   0.625	   0.629	   0.642	   0.635	   0.003	  
LD	   5.000	   R	   0.623	   0.620	   0.629	   0.622	   0.627	   0.626	   0.628	   0.622	   0.625	   0.001	  
LD	   6.000	   R	   0.591	   0.593	   0.604	   0.613	   0.609	   0.613	   0.613	   0.614	   0.606	   0.003	  
LD	   7.000	   R	   0.547	   0.570	   0.604	   0.612	   0.617	   0.615	   0.613	   0.611	   0.598	   0.009	  
HD	   1.000	   W	   0.629	   0.621	   0.627	   0.626	   0.630	   0.632	   0.631	   0.631	   0.629	   0.001	  
HD	   2.000	   W	   0.629	   0.579	   0.607	   0.616	   0.624	   0.620	   0.622	   0.631	   0.616	   0.006	  
HD	   3.000	   W	   0.614	   0.592	   0.622	   0.628	   0.629	   0.631	   0.630	   0.629	   0.622	   0.004	  
HD	   4.000	   W	   0.626	   0.597	   0.618	   0.628	   0.628	   0.630	   0.630	   0.632	   0.624	   0.004	  
HD	   5.000	   W	   0.621	   0.617	   0.617	   0.624	   0.628	   0.627	   0.627	   0.624	   0.623	   0.001	  
HD	   6.000	   W	   0.610	   0.605	   0.629	   0.627	   0.632	   0.636	   0.633	   0.634	   0.626	   0.004	  
HD	   7.000	   W	   0.633	   0.640	   0.641	   0.639	   0.644	   0.638	   0.641	   0.640	   0.639	   0.001	  
HD	   1.000	   N	   0.530	   0.535	   0.548	   0.556	   0.562	   0.565	   0.567	   0.569	   0.554	   0.005	  
HD	   2.000	   N	   0.497	   0.508	   0.535	   0.553	   0.558	   0.569	   0.568	   0.575	   0.545	   0.010	  
HD	   3.000	   N	   0.531	   0.523	   0.538	   0.547	   0.557	   0.558	   0.562	   0.562	   0.547	   0.005	  
HD	   4.000	   N	   0.542	   0.548	   0.564	   0.574	   0.576	   0.582	   0.579	   0.583	   0.568	   0.005	  
HD	   5.000	   N	   0.529	   0.527	   0.548	   0.555	   0.561	   0.567	   0.569	   0.573	   0.554	   0.006	  
HD	   6.000	   N	   0.510	   0.521	   0.537	   0.546	   0.556	   0.562	   0.564	   0.570	   0.546	   0.007	  
HD	   7.000	   N	   0.554	   0.559	   0.566	   0.569	   0.572	   0.576	   0.576	   0.579	   0.569	   0.003	  
HD	   1.000	   R	   0.601	   0.604	   0.619	   0.612	   0.618	   0.618	   0.619	   0.607	   0.612	   0.002	  
HD	   2.000	   R	   0.509	   0.533	   0.584	   0.607	   0.603	   0.611	   0.614	   0.622	   0.585	   0.014	  
HD	   3.000	   R	   	   0.556	   0.578	   0.592	   0.599	   0.600	   0.609	   0.595	   0.590	   0.006	  
HD	   4.000	   R	   	   0.580	   0.604	   0.621	   0.619	   0.613	   0.620	   0.616	   0.610	   0.005	  
HD	   5.000	   R	   	   0.589	   0.616	   0.616	   0.622	   0.623	   0.624	   0.627	   0.617	   0.004	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HD	   6.000	   R	   	   0.574	   0.590	   0.608	   0.606	   0.610	   0.611	   0.612	   0.602	   0.005	  
HD	   7.000	   R	   	   0.622	   0.622	   0.624	   0.621	   0.623	   0.621	   0.625	   0.623	   0.001	  
Treatment	   Subject	   Score	   T1D	   T2D	   T3D	   T4D	   T5D	   T6D	   T7D	   T8D	   mean	   sem	  
P	   1.000	   W	   0.632	   0.634	   0.633	   0.635	   0.634	   0.637	   0.638	   0.636	   0.635	   0.001	  
P	   2.000	   W	   0.635	   0.632	   0.636	   0.634	   0.632	   0.636	   0.639	   0.637	   0.635	   0.001	  
P	   3.000	   W	   0.627	   0.629	   0.628	   0.629	   0.632	   0.630	   0.635	   0.633	   0.631	   0.001	  
P	   4.000	   W	   0.620	   0.618	   0.615	   0.624	   0.629	   0.622	   0.625	   0.622	   0.622	   0.001	  
P	   5.000	   W	   0.635	   0.636	   0.636	   0.636	   0.636	   0.631	   0.634	   0.640	   0.636	   0.001	  
P	   6.000	   W	   0.641	   0.638	   0.644	   0.641	   0.641	   0.642	   0.644	   0.643	   0.642	   0.001	  
P	   7.000	   W	   0.635	   0.637	   0.633	   0.636	   0.637	   0.635	   0.636	   0.631	   0.635	   0.001	  
P	   1.000	   N	   0.571	   0.571	   0.570	   0.570	   0.574	   0.573	   0.570	   0.567	   0.571	   0.001	  
P	   2.000	   N	   0.575	   0.572	   0.570	   0.572	   0.574	   0.575	   0.575	   0.569	   0.573	   0.001	  
P	   3.000	   N	   0.567	   0.570	   0.568	   0.569	   0.576	   0.573	   0.576	   0.578	   0.572	   0.001	  
P	   4.000	   N	   0.585	   0.580	   0.590	   0.594	   0.595	   0.601	   	   0.589	   0.591	   0.002	  
P	   5.000	   N	   0.580	   0.577	   0.570	   0.575	   0.566	   0.566	   0.576	   	   0.573	   0.002	  
P	   6.000	   N	   0.574	   0.575	   0.575	   0.578	   0.579	   0.575	   0.575	   0.571	   0.575	   0.001	  
P	   7.000	   N	   0.580	   0.574	   0.573	   0.572	   0.570	   0.575	   0.578	   0.566	   0.574	   0.002	  
P	   1.000	   R	   0.610	   0.601	   0.593	   0.598	   0.603	   0.598	   	   0.590	   0.599	   0.002	  
P	   2.000	   R	   0.625	   0.620	   0.613	   0.617	   0.612	   0.603	   0.604	   0.614	   0.613	   0.002	  
P	   3.000	   R	   0.586	   0.587	   0.593	   0.593	   0.601	   0.593	   0.595	   0.594	   0.593	   0.002	  
P	   4.000	   R	   0.613	   0.616	   0.623	   0.622	   0.628	   	   	   0.623	   0.621	   0.002	  
P	   5.000	   R	   0.616	   0.618	   0.615	   0.610	   0.616	   0.619	   	   	   0.616	   0.001	  
P	   6.000	   R	   	   0.615	   0.621	   0.618	   0.594	   0.614	   0.607	   0.611	   0.612	   0.003	  
P	   7.000	   R	   	   0.613	   	   0.597	   0.618	   	   0.611	   	   0.610	   0.004	  
LD	   1.000	   W	   0.635	   0.635	   0.639	   0.638	   0.637	   0.635	   0.638	   0.639	   0.637	   0.001	  
LD	   2.000	   W	   0.627	   0.633	   0.635	   0.630	   0.631	   0.628	   0.636	   0.635	   0.632	   0.001	  
LD	   3.000	   W	   0.637	   0.637	   0.630	   0.629	   0.633	   0.636	   0.639	   0.637	   0.635	   0.001	  
LD	   4.000	   W	   0.622	   0.625	   0.624	   0.625	   0.623	   0.624	   0.621	   0.624	   0.624	   0.000	  
LD	   5.000	   W	   0.635	   0.636	   0.637	   0.636	   0.635	   0.630	   0.635	   0.637	   0.635	   0.001	  
LD	   6.000	   W	   0.641	   0.642	   0.640	   0.643	   0.640	   0.639	   0.643	   0.644	   0.641	   0.001	  
LD	   7.000	   W	   0.632	   0.632	   0.629	   0.633	   0.636	   0.632	   0.633	   0.631	   0.632	   0.001	  
LD	   1.000	   N	   0.579	   0.576	   0.574	   0.567	   0.574	   0.575	   0.580	   0.563	   0.573	   0.002	  
LD	   2.000	   N	   0.578	   0.576	   0.568	   0.570	   0.569	   0.568	   0.562	   0.559	   0.569	   0.002	  
LD	   3.000	   N	   0.579	   0.581	   0.575	   0.575	   0.576	   0.578	   0.579	   0.571	   0.577	   0.001	  
LD	   4.000	   N	   0.601	   0.605	   0.612	   0.604	   0.597	   0.600	   0.610	   0.623	   0.607	   0.003	  
LD	   5.000	   N	   0.577	   0.575	   0.577	   0.575	   0.566	   0.567	   0.578	   0.576	   0.574	   0.002	  
LD	   6.000	   N	   0.568	   0.568	   0.574	   0.570	   0.568	   0.572	   0.578	   0.570	   0.571	   0.001	  
LD	   7.000	   N	   0.574	   0.573	   0.572	   0.572	   0.573	   0.570	   0.569	   0.565	   0.571	   0.001	  
LD	   1.000	   R	   0.607	   0.606	   0.619	   0.603	   0.585	   0.607	   	   	   0.605	   0.004	  
LD	   2.000	   R	   0.616	   0.616	   0.606	   0.602	   0.594	   0.606	   0.596	   0.596	   0.604	   0.003	  
LD	   3.000	   R	   0.596	   0.600	   0.600	   0.593	   0.601	   0.603	   0.613	   	   0.601	   0.002	  
LD	   4.000	   R	   	   0.626	   0.630	   0.621	   0.610	   0.623	   	   	   0.622	   0.003	  
LD	   5.000	   R	   0.628	   0.588	   	   0.619	   0.619	   0.625	   	   	   0.616	   0.006	  
LD	   6.000	   R	   0.589	   0.610	   0.587	   0.610	   0.605	   0.612	   	   0.578	   0.599	   0.005	  
LD	   7.000	   R	   0.619	   0.617	   0.599	   0.607	   0.609	   	   	   0.610	   0.610	   0.003	  
HD	   1.000	   W	   0.633	   0.632	   0.635	   0.637	   0.637	   0.639	   0.638	   0.636	   0.636	   0.001	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HD	   2.000	   W	   0.633	   0.634	   0.629	   0.629	   0.626	   0.632	   0.639	   0.641	   0.633	   0.002	  
HD	   3.000	   W	   0.632	   0.633	   0.632	   0.630	   0.629	   0.633	   0.630	   0.628	   0.631	   0.001	  
HD	   4.000	   W	   0.628	   0.626	   0.626	   0.627	   0.629	   0.629	   0.625	   0.618	   0.626	   0.001	  
HD	   5.000	   W	   0.633	   0.637	   0.635	   0.637	   0.635	   0.630	   0.635	   0.640	   0.635	   0.001	  
HD	   6.000	   W	   0.639	   0.641	   0.639	   0.638	   0.640	   0.641	   0.643	   0.643	   0.640	   0.001	  
HD	   7.000	   W	   0.637	   0.633	   0.637	   0.635	   0.635	   0.635	   0.634	   0.634	   0.635	   0.000	  
HD	   1.000	   N	   0.568	   0.572	   0.571	   0.565	   0.568	   0.570	   0.570	   0.565	   0.569	   0.001	  
HD	   2.000	   N	   0.568	   0.567	   0.572	   0.573	   0.570	   0.565	   	   0.569	   0.569	   0.001	  
HD	   3.000	   N	   0.565	   0.565	   0.563	   0.565	   0.568	   0.568	   0.574	   0.573	   0.568	   0.001	  
HD	   4.000	   N	   0.582	   	   0.574	   0.573	   0.576	   0.579	   0.583	   0.575	   0.577	   0.001	  
HD	   5.000	   N	   0.576	   0.573	   0.577	   0.572	   0.571	   0.569	   0.582	   0.578	   0.575	   0.001	  
HD	   6.000	   N	   0.570	   0.570	   0.571	   0.575	   0.571	   0.574	   0.576	   0.572	   0.572	   0.001	  
HD	   7.000	   N	   0.576	   0.577	   0.574	   0.572	   0.571	   0.571	   0.572	   0.563	   0.572	   0.001	  
HD	   1.000	   R	   0.614	   0.602	   0.608	   0.600	   0.617	   0.586	   0.577	   0.597	   0.600	   0.004	  
HD	   2.000	   R	   0.613	   0.607	   0.605	   0.605	   0.571	   0.612	   	   	   0.602	   0.006	  
HD	   3.000	   R	   	   0.595	   0.592	   0.597	   0.595	   0.590	   0.587	   0.581	   0.591	   0.002	  
HD	   4.000	   R	   0.612	   	   0.603	   0.607	   0.601	   0.608	   	   0.603	   0.606	   0.001	  
HD	   5.000	   R	   0.626	   	   0.624	   0.598	   0.613	   0.615	   	   	   0.615	   0.004	  
HD	   6.000	   R	   0.617	   0.602	   0.605	   0.600	   0.609	   0.609	   0.597	   0.602	   0.605	   0.002	  
HD	   7.000	   R	   0.613	   0.622	   0.610	   0.616	   0.613	   0.615	   0.612	   	   0.614	   0.001	  
	  
Appendix	  6.	  Average	  PLZC	  (m	  =	  6,	  τ	  =	  1)	  of	  all	  7	  male	  mice	  in	  recovery	  light	  and	  dark.	  T1L-­‐T8L	  were	  1.5-­‐h	  
time	   intervals	   in	   recovery	   light	   period	   and	   T1D-­‐T8D	   in	   recovery	   dark	   period	   in	   different	   VS.	   VS	   were	  
denoted	  as;	  W:	  wakefulness,	  N:	  NREM	  sleep,	  R:	  REM	  sleep.	  Treatments	  were	  denoted	  as;	  P:	  placebo,	  LD:	  
low	  dose	  (1mg/kg)	  and	  HD:	  high	  dose	  (2mg/kg).	  	  
Treatment	   Subject	   Score	   T1L	   T2L	   T3L	   T4L	   T5L	   T6L	   T7L	   T8L	   mean	   sem	  
P	   1.000	   W	   0.713	   0.680	   0.708	   0.727	   0.726	   0.731	   0.722	   0.729	   0.717	   0.006	  
P	   2.000	   W	   0.729	   0.714	   0.721	   0.719	   0.725	   0.730	   0.728	   0.726	   0.724	   0.002	  
P	   3.000	   W	   0.715	   0.679	   0.702	   0.721	   0.726	   0.728	   0.727	   0.728	   0.716	   0.006	  
P	   4.000	   W	   0.681	   0.669	   0.702	   0.713	   0.723	   0.720	   0.716	   0.714	   0.705	   0.007	  
P	   5.000	   W	   0.732	   0.727	   0.724	   0.731	   0.727	   0.724	   0.727	   0.730	   0.728	   0.001	  
P	   6.000	   W	   0.739	   0.739	   0.730	   0.732	   0.736	   0.735	   0.735	   0.735	   0.735	   0.001	  
P	   7.000	   W	   0.728	   0.735	   0.735	   0.742	   0.738	   0.734	   0.738	   0.736	   0.736	   0.001	  
P	   1.000	   N	   0.618	   0.621	   0.636	   0.652	   0.657	   0.660	   0.666	   0.668	   0.647	   0.006	  
P	   2.000	   N	   0.626	   0.627	   0.642	   0.649	   0.664	   0.660	   0.664	   0.669	   0.650	   0.006	  
P	   3.000	   N	   0.602	   0.614	   0.625	   0.645	   0.656	   0.664	   0.670	   0.668	   0.643	   0.009	  
P	   4.000	   N	   0.614	   0.619	   0.650	   0.661	   0.692	   0.689	   0.679	   0.683	   0.661	   0.010	  
P	   5.000	   N	   0.651	   0.648	   0.657	   0.662	   0.667	   0.670	   0.672	   0.673	   0.663	   0.003	  
P	   6.000	   N	   0.654	   0.658	   0.660	   0.665	   0.671	   0.672	   0.675	   0.677	   0.666	   0.003	  
P	   7.000	   N	   0.624	   0.636	   0.652	   0.664	   0.670	   0.671	   0.672	   0.679	   0.659	   0.006	  
P	   1.000	   R	   	   0.667	   0.697	   0.711	   0.711	   0.705	   0.712	   0.709	   0.702	   0.006	  
P	   2.000	   R	   0.668	   0.671	   0.679	   0.704	   0.689	   0.709	   0.703	   0.706	   0.691	   0.005	  
P	   3.000	   R	   	   0.616	   0.649	   0.677	   0.687	   0.694	   0.709	   0.694	   0.675	   0.011	  
P	   4.000	   R	   0.592	   0.611	   0.681	   0.695	   0.710	   0.715	   0.712	   0.705	   0.678	   0.016	  
P	   5.000	   R	   0.715	   0.714	   0.722	   0.721	   0.725	   0.718	   0.725	   0.722	   0.720	   0.001	  
Appendices	  	  
136	  
Pinar	  Deniz	  Tosun,	  2018	  
P	   6.000	   R	   0.706	   0.714	   0.714	   0.716	   0.712	   0.724	   0.715	   0.714	   0.714	   0.002	  
P	   7.000	   R	   0.683	   0.695	   0.703	   0.716	   0.717	   0.720	   0.718	   0.714	   0.708	   0.004	  
LD	   1.000	   W	   0.739	   0.733	   0.732	   0.737	   0.729	   0.734	   0.734	   0.734	   0.734	   0.001	  
LD	   2.000	   W	   0.736	   0.730	   0.725	   0.720	   0.717	   0.731	   0.721	   0.726	   0.726	   0.002	  
LD	   3.000	   W	   0.731	   0.735	   0.732	   0.734	   0.737	   0.732	   0.733	   0.730	   0.733	   0.001	  
LD	   4.000	   W	   0.715	   0.715	   0.722	   0.724	   0.717	   0.705	   0.712	   0.711	   0.715	   0.002	  
LD	   5.000	   W	   0.733	   0.729	   0.732	   0.733	   0.732	   0.731	   0.732	   0.729	   0.731	   0.001	  
LD	   6.000	   W	   0.734	   0.729	   0.731	   0.728	   0.730	   0.731	   0.736	   0.738	   0.732	   0.001	  
LD	   7.000	   W	   0.728	   0.717	   0.728	   0.729	   0.737	   0.734	   0.734	   0.734	   0.730	   0.002	  
LD	   1.000	   N	   0.655	   0.662	   0.669	   0.667	   0.673	   0.676	   0.676	   0.677	   0.669	   0.003	  
LD	   2.000	   N	   0.662	   0.664	   0.661	   0.669	   0.674	   0.676	   0.679	   0.681	   0.671	   0.003	  
LD	   3.000	   N	   0.654	   0.663	   0.674	   0.679	   0.680	   0.682	   0.687	   0.683	   0.675	   0.004	  
LD	   4.000	   N	   0.680	   0.685	   0.695	   0.716	   0.697	   0.694	   0.702	   0.703	   0.697	   0.004	  
LD	   5.000	   N	   0.655	   0.661	   0.664	   0.665	   0.669	   0.673	   0.678	   0.674	   0.667	   0.002	  
LD	   6.000	   N	   0.634	   0.640	   0.650	   0.655	   0.663	   0.663	   0.666	   0.673	   0.655	   0.004	  
LD	   7.000	   N	   0.608	   0.618	   0.637	   0.650	   0.664	   0.665	   0.667	   0.670	   0.647	   0.008	  
LD	   1.000	   R	   0.707	   0.714	   0.715	   0.717	   0.723	   0.720	   0.720	   0.716	   0.716	   0.002	  
LD	   2.000	   R	   0.723	   0.710	   0.711	   0.715	   0.718	   0.710	   0.717	   0.717	   0.715	   0.002	  
LD	   3.000	   R	   	   	   0.700	   0.714	   0.720	   0.708	   0.707	   0.714	   0.710	   0.003	  
LD	   4.000	   R	   0.720	   0.717	   0.735	   0.729	   0.711	   0.706	   0.707	   0.726	   0.719	   0.004	  
LD	   5.000	   R	   0.718	   0.718	   0.727	   0.717	   0.723	   0.724	   0.726	   0.722	   0.722	   0.001	  
LD	   6.000	   R	   0.692	   0.695	   0.701	   0.711	   0.707	   0.711	   0.711	   0.714	   0.705	   0.003	  
LD	   7.000	   R	   0.641	   0.664	   0.703	   0.707	   0.712	   0.710	   0.713	   0.710	   0.695	   0.009	  
HD	   1.000	   W	   0.727	   0.721	   0.727	   0.725	   0.730	   0.732	   0.733	   0.731	   0.728	   0.001	  
HD	   2.000	   W	   0.726	   0.681	   0.708	   0.718	   0.726	   0.717	   0.722	   0.731	   0.716	   0.005	  
HD	   3.000	   W	   0.714	   0.691	   0.722	   0.727	   0.728	   0.729	   0.731	   0.729	   0.721	   0.004	  
HD	   4.000	   W	   0.725	   0.698	   0.718	   0.727	   0.727	   0.729	   0.729	   0.728	   0.723	   0.004	  
HD	   5.000	   W	   0.721	   0.717	   0.720	   0.725	   0.730	   0.727	   0.727	   0.726	   0.724	   0.001	  
HD	   6.000	   W	   0.710	   0.707	   0.729	   0.727	   0.731	   0.735	   0.733	   0.733	   0.726	   0.004	  
HD	   7.000	   W	   0.731	   0.736	   0.742	   0.737	   0.744	   0.737	   0.740	   0.739	   0.738	   0.001	  
HD	   1.000	   N	   0.627	   0.635	   0.649	   0.655	   0.664	   0.666	   0.667	   0.670	   0.654	   0.005	  
HD	   2.000	   N	   0.594	   0.605	   0.635	   0.655	   0.659	   0.670	   0.668	   0.675	   0.645	   0.010	  
HD	   3.000	   N	   0.631	   0.624	   0.639	   0.649	   0.659	   0.658	   0.664	   0.663	   0.648	   0.005	  
HD	   4.000	   N	   0.642	   0.647	   0.664	   0.674	   0.675	   0.682	   0.679	   0.684	   0.668	   0.005	  
HD	   5.000	   N	   0.629	   0.629	   0.649	   0.657	   0.663	   0.668	   0.671	   0.676	   0.655	   0.006	  
HD	   6.000	   N	   0.608	   0.621	   0.638	   0.647	   0.659	   0.664	   0.664	   0.670	   0.646	   0.007	  
HD	   7.000	   N	   0.653	   0.657	   0.666	   0.669	   0.673	   0.677	   0.678	   0.680	   0.669	   0.003	  
HD	   1.000	   R	   0.697	   0.702	   0.713	   0.706	   0.716	   0.715	   0.715	   0.703	   0.708	   0.002	  
HD	   2.000	   R	   0.611	   0.629	   0.682	   0.706	   0.701	   0.709	   0.713	   0.718	   0.684	   0.013	  
HD	   3.000	   R	   	   0.656	   0.673	   0.686	   0.695	   0.697	   0.709	   0.693	   0.687	   0.006	  
HD	   4.000	   R	   	   0.670	   0.699	   0.712	   0.713	   0.707	   0.714	   0.712	   0.704	   0.006	  
HD	   5.000	   R	   	   0.689	   0.712	   0.714	   0.722	   0.720	   0.721	   0.728	   0.715	   0.004	  
HD	   6.000	   R	   	   0.672	   0.686	   0.708	   0.704	   0.708	   0.708	   0.709	   0.699	   0.005	  
HD	   7.000	   R	   	   0.721	   0.718	   0.722	   0.720	   0.721	   0.719	   0.722	   0.720	   0.001	  
Treatment	   Subject	   Score	   T1D	   T2D	   T3D	   T4D	   T5D	   T6D	   T7D	   T8D	   mean	   sem	  
P	   1.000	   W	   0.730	   0.733	   0.733	   0.735	   0.734	   0.736	   0.737	   0.735	   0.734	   0.001	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P	   2.000	   W	   0.733	   0.732	   0.734	   0.732	   0.732	   0.733	   0.735	   0.734	   0.733	   0.000	  
P	   3.000	   W	   0.725	   0.727	   0.728	   0.728	   0.730	   0.730	   0.733	   0.731	   0.729	   0.001	  
P	   4.000	   W	   0.716	   0.713	   0.709	   0.718	   0.723	   0.717	   0.720	   0.717	   0.717	   0.001	  
P	   5.000	   W	   0.733	   0.735	   0.734	   0.735	   0.733	   0.730	   0.733	   0.737	   0.734	   0.001	  
P	   6.000	   W	   0.738	   0.737	   0.742	   0.739	   0.739	   0.740	   0.742	   0.740	   0.740	   0.001	  
P	   7.000	   W	   0.735	   0.735	   0.733	   0.736	   0.736	   0.734	   0.734	   0.730	   0.734	   0.001	  
P	   1.000	   N	   0.672	   0.673	   0.672	   0.672	   0.675	   0.672	   0.672	   0.667	   0.672	   0.001	  
P	   2.000	   N	   0.675	   0.672	   0.671	   0.674	   0.675	   0.676	   0.674	   0.669	   0.673	   0.001	  
P	   3.000	   N	   0.668	   0.671	   0.668	   0.670	   0.677	   0.675	   0.676	   0.681	   0.673	   0.002	  
P	   4.000	   N	   0.677	   0.677	   0.685	   0.688	   0.689	   0.694	   	   0.685	   0.685	   0.002	  
P	   5.000	   N	   0.681	   0.679	   0.673	   0.676	   0.668	   0.667	   0.676	   	   0.674	   0.002	  
P	   6.000	   N	   0.675	   0.676	   0.677	   0.680	   0.681	   0.678	   0.678	   0.674	   0.677	   0.001	  
P	   7.000	   N	   0.681	   0.674	   0.671	   0.672	   0.670	   0.675	   0.678	   0.667	   0.674	   0.002	  
P	   1.000	   R	   0.712	   0.695	   0.690	   0.697	   0.699	   0.693	   	   0.678	   0.695	   0.004	  
P	   2.000	   R	   0.724	   0.713	   0.703	   0.708	   0.712	   0.704	   0.709	   0.721	   0.712	   0.002	  
P	   3.000	   R	   0.683	   0.683	   0.690	   0.689	   0.698	   0.690	   0.693	   0.697	   0.690	   0.002	  
P	   4.000	   R	   0.708	   0.707	   0.714	   0.717	   0.719	   	   	   0.714	   0.713	   0.002	  
P	   5.000	   R	   0.720	   0.711	   0.716	   0.705	   0.711	   0.718	   	   	   0.713	   0.002	  
P	   6.000	   R	   	   0.711	   0.709	   0.712	   0.701	   0.711	   0.708	   0.709	   0.709	   0.001	  
P	   7.000	   R	   	   0.708	   	   0.698	   0.714	   	   0.711	   	   0.708	   0.003	  
LD	   1.000	   W	   0.734	   0.735	   0.738	   0.736	   0.735	   0.733	   0.736	   0.738	   0.736	   0.001	  
LD	   2.000	   W	   0.727	   0.731	   0.732	   0.728	   0.730	   0.726	   0.734	   0.733	   0.730	   0.001	  
LD	   3.000	   W	   0.733	   0.734	   0.727	   0.727	   0.732	   0.733	   0.736	   0.734	   0.732	   0.001	  
LD	   4.000	   W	   0.713	   0.716	   0.712	   0.714	   0.711	   0.714	   0.711	   0.716	   0.713	   0.001	  
LD	   5.000	   W	   0.734	   0.733	   0.736	   0.735	   0.734	   0.730	   0.734	   0.735	   0.734	   0.001	  
LD	   6.000	   W	   0.738	   0.739	   0.738	   0.741	   0.739	   0.738	   0.740	   0.742	   0.739	   0.001	  
LD	   7.000	   W	   0.732	   0.732	   0.728	   0.732	   0.734	   0.732	   0.732	   0.731	   0.732	   0.001	  
LD	   1.000	   N	   0.682	   0.675	   0.677	   0.669	   0.674	   0.676	   0.681	   0.666	   0.675	   0.002	  
LD	   2.000	   N	   0.679	   0.677	   0.669	   0.671	   0.669	   0.668	   0.664	   0.659	   0.670	   0.002	  
LD	   3.000	   N	   0.680	   0.682	   0.676	   0.676	   0.678	   0.680	   0.682	   0.674	   0.678	   0.001	  
LD	   4.000	   N	   0.690	   0.691	   0.699	   0.690	   0.684	   0.686	   0.699	   0.711	   0.694	   0.003	  
LD	   5.000	   N	   0.679	   0.676	   0.679	   0.677	   0.668	   0.669	   0.678	   0.677	   0.675	   0.001	  
LD	   6.000	   N	   0.670	   0.669	   0.676	   0.670	   0.670	   0.675	   0.681	   0.674	   0.673	   0.001	  
LD	   7.000	   N	   0.674	   0.674	   0.671	   0.673	   0.673	   0.670	   0.670	   0.665	   0.671	   0.001	  
LD	   1.000	   R	   0.704	   0.705	   0.723	   0.699	   0.685	   0.701	   	   	   0.703	   0.005	  
LD	   2.000	   R	   0.713	   0.723	   0.699	   0.704	   0.692	   0.707	   0.694	   0.689	   0.703	   0.004	  
LD	   3.000	   R	   0.685	   0.699	   0.698	   0.687	   0.698	   0.702	   0.714	   	   0.698	   0.003	  
LD	   4.000	   R	   	   0.705	   0.711	   0.702	   0.691	   0.703	   	   	   0.702	   0.003	  
LD	   5.000	   R	   0.721	   0.691	   	   0.717	   0.718	   0.722	   	   	   0.714	   0.005	  
LD	   6.000	   R	   0.699	   0.709	   0.684	   0.709	   0.704	   0.709	   	   0.671	   0.698	   0.005	  
LD	   7.000	   R	   0.717	   0.718	   0.703	   0.704	   0.703	   	   	   0.710	   0.709	   0.003	  
HD	   1.000	   W	   0.732	   0.731	   0.733	   0.736	   0.736	   0.738	   0.736	   0.734	   0.734	   0.001	  
HD	   2.000	   W	   0.732	   0.732	   0.727	   0.728	   0.725	   0.729	   0.736	   0.738	   0.731	   0.001	  
HD	   3.000	   W	   0.730	   0.730	   0.730	   0.728	   0.729	   0.732	   0.728	   0.727	   0.729	   0.001	  
HD	   4.000	   W	   0.728	   0.724	   0.726	   0.725	   0.728	   0.727	   0.724	   0.715	   0.725	   0.001	  
HD	   5.000	   W	   0.732	   0.735	   0.734	   0.735	   0.735	   0.729	   0.734	   0.737	   0.734	   0.001	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HD	   6.000	   W	   0.737	   0.739	   0.737	   0.737	   0.738	   0.739	   0.741	   0.739	   0.738	   0.001	  
HD	   7.000	   W	   0.735	   0.733	   0.737	   0.735	   0.734	   0.733	   0.733	   0.732	   0.734	   0.001	  
HD	   1.000	   N	   0.670	   0.673	   0.672	   0.665	   0.669	   0.669	   0.671	   0.667	   0.669	   0.001	  
HD	   2.000	   N	   0.669	   0.667	   0.672	   0.674	   0.671	   0.667	   	   0.665	   0.669	   0.001	  
HD	   3.000	   N	   0.668	   0.668	   0.663	   0.667	   0.668	   0.670	   0.674	   0.672	   0.669	   0.001	  
HD	   4.000	   N	   0.683	   	   0.674	   0.672	   0.675	   0.680	   0.687	   0.673	   0.678	   0.002	  
HD	   5.000	   N	   0.679	   0.675	   0.680	   0.673	   0.673	   0.671	   0.682	   0.679	   0.676	   0.001	  
HD	   6.000	   N	   0.673	   0.672	   0.672	   0.677	   0.672	   0.675	   0.679	   0.675	   0.674	   0.001	  
HD	   7.000	   N	   0.675	   0.677	   0.674	   0.672	   0.671	   0.670	   0.672	   0.662	   0.672	   0.001	  
HD	   1.000	   R	   0.709	   0.698	   0.707	   0.693	   0.713	   0.689	   0.675	   0.697	   0.698	   0.004	  
HD	   2.000	   R	   0.713	   0.704	   0.706	   0.704	   0.677	   0.715	   	   	   0.703	   0.005	  
HD	   3.000	   R	   	   0.696	   0.686	   0.695	   0.690	   0.684	   0.684	   0.683	   0.688	   0.002	  
HD	   4.000	   R	   0.710	   	   0.701	   0.702	   0.694	   0.702	   	   0.699	   0.701	   0.002	  
HD	   5.000	   R	   0.724	   	   0.733	   0.699	   0.715	   0.710	   	   	   0.716	   0.005	  
HD	   6.000	   R	   0.715	   0.699	   0.704	   0.699	   0.710	   0.706	   0.697	   0.700	   0.704	   0.002	  
HD	   7.000	   R	   0.705	   0.719	   0.704	   0.711	   0.710	   0.712	   0.712	   	   0.710	   0.002	  
	  
Appendix	  7.	  Averaged	  LZC	  (Td	  =	  median)	  of	  all	  60	  subjects	  in	  different	  VS.	  LZC	  values	  were	  averaged	  into	  
thirds	  (1-­‐3)	  of	  the	  whole	  night	  and	  grouped	  into	  5	  different	  VS.	  VS	  were	  denoted	  as;	  W:	  wakefulness,	  N1:	  
NREM	  sleep	  stage	  1,	  N2:	  NREM	  sleep	  stage	  2,	  N3:	  NREM	  sleep	  stage	  3,	  R:	  REM	  sleep.	  Age	  groups	  were	  
20-­‐39	  for	  young,	  40-­‐60	  for	  middle	  and	  65=	  for	  old	  subjects.	  Gender	  was	  abbreviated	  as;	  F:	  females	  and	  
M:	  males.	  Complexity	  values	  obtained	  from	  C3	  were	  tabulated.	  
Gender	   Groups	   Subject	   W1	   W1S	   N1	   N1S	   N2	   N2S	   N3	   N3S	   R1	   R1S	  
F	   20-­‐39	   1	   0.412	   0.401	   0.327	   0.317	   0.255	   0.234	   0.146	   0.138	   0.339	   0.347	  
F	   20-­‐39	   2	   0.379	   0.419	   0.316	   0.327	   0.266	   0.254	   0.190	   0.187	   0.287	   0.280	  
F	   20-­‐39	   3	   0.345	   0.349	   0.332	   0.328	   0.267	   0.262	   0.176	   0.175	   0.260	   0.272	  
F	   20-­‐39	   4	   0.376	   0.384	   0.266	   0.273	   0.245	   0.238	   0.142	   0.138	   0.255	   0.249	  
F	   20-­‐39	   5	   0.391	   0.392	   0.300	   0.293	   0.275	   0.249	   0.171	   0.167	   0.291	   0.285	  
F	   40-­‐60	   6	   0.407	   0.418	   0.320	   0.321	   0.242	   0.238	   0.143	   0.137	   0.270	   0.283	  
F	   40-­‐60	   7	   0.419	   0.425	   0.421	   0.417	   0.300	   0.287	   0.221	   0.209	   NaN	   NaN	  
F	   40-­‐60	   8	   0.428	   0.419	   0.366	   0.383	   0.309	   0.287	   0.195	   0.189	   0.318	   0.323	  
F	   40-­‐60	   9	   0.369	   0.362	   0.318	   0.313	   0.279	   0.272	   0.217	   0.213	   0.307	   0.279	  
F	   40-­‐60	   10	   0.402	   0.399	   0.331	   0.330	   0.255	   0.244	   0.160	   0.155	   0.295	   0.295	  
F	   40-­‐60	   11	   0.456	   0.452	   0.340	   0.343	   0.274	   0.268	   0.175	   0.170	   0.320	   0.317	  
F	   40-­‐60	   12	   0.406	   0.419	   0.342	   0.337	   0.270	   0.260	   0.177	   0.166	   0.360	   0.370	  
F	   40-­‐60	   13	   0.362	   0.355	   0.333	   0.331	   0.282	   0.263	   0.198	   0.192	   0.331	   0.321	  
F	   40-­‐60	   14	   0.414	   0.436	   0.331	   0.325	   0.258	   0.233	   0.164	   0.157	   0.328	   0.322	  
F	   40-­‐60	   15	   0.391	   0.351	   0.406	   0.407	   0.259	   0.250	   0.181	   0.176	   0.387	   0.393	  
F	   40-­‐60	   16	   0.405	   0.369	   0.316	   0.313	   0.272	   0.266	   0.179	   0.170	   0.330	   0.321	  
F	   40-­‐60	   17	   0.336	   0.345	   0.317	   0.326	   0.292	   0.290	   0.240	   0.240	   0.310	   0.311	  
F	   65+	   18	   0.433	   0.429	   0.356	   0.338	   0.286	   0.274	   0.219	   0.210	   0.285	   0.282	  
F	   65+	   19	   0.439	   0.449	   0.397	   0.396	   0.300	   0.292	   0.223	   0.226	   0.432	   0.431	  
F	   65+	   20	   0.437	   0.392	   0.370	   0.341	   0.278	   0.250	   0.229	   0.208	   0.294	   0.268	  
F	   65+	   21	   0.414	   0.441	   0.364	   0.341	   0.292	   0.271	   0.190	   0.188	   0.394	   0.386	  
F	   65+	   22	   0.422	   0.383	   0.330	   0.307	   0.254	   0.229	   0.152	   0.145	   0.333	   0.300	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F	   65+	   23	   0.326	   0.336	   0.272	   0.281	   0.231	   0.223	   0.173	   0.173	   0.249	   0.249	  
F	   65+	   24	   0.384	   0.369	   0.286	   0.279	   0.239	   0.230	   0.184	   0.176	   0.294	   0.288	  
F	   65+	   25	   0.502	   0.495	   0.391	   0.371	   0.267	   0.255	   0.199	   0.194	   0.364	   0.353	  
F	   65+	   26	   0.474	   0.478	   0.346	   0.352	   0.254	   0.239	   0.188	   0.182	   0.363	   0.365	  
F	   65+	   27	   0.401	   0.428	   0.398	   0.374	   0.264	   0.248	   0.163	   0.160	   0.297	   0.311	  
F	   65+	   28	   0.401	   0.405	   0.326	   0.329	   0.267	   0.253	   0.197	   0.194	   0.300	   0.293	  
F	   65+	   29	   0.386	   0.394	   0.277	   0.281	   0.242	   0.228	   0.153	   0.149	   0.271	   0.274	  
M	   20-­‐39	   30	   0.294	   0.273	   0.258	   0.261	   0.249	   0.244	   0.130	   0.130	   0.278	   0.275	  
M	   20-­‐39	   31	   0.317	   0.325	   0.260	   0.270	   0.240	   0.226	   0.163	   0.151	   0.257	   0.262	  
M	   20-­‐39	   32	   0.436	   0.449	   0.301	   0.311	   0.241	   0.235	   0.163	   0.160	   0.230	   0.249	  
M	   20-­‐39	   33	   0.299	   0.304	   0.247	   0.271	   0.240	   0.239	   0.154	   0.163	   0.231	   0.251	  
M	   20-­‐39	   34	   0.414	   0.437	   0.247	   0.242	   0.253	   0.232	   0.161	   0.147	   0.268	   0.272	  
M	   20-­‐39	   35	   0.316	   0.332	   0.262	   0.255	   0.224	   0.214	   0.167	   0.160	   NaN	   NaN	  
M	   20-­‐39	   36	   0.430	   0.431	   0.378	   0.343	   0.294	   0.283	   0.199	   0.190	   0.247	   0.253	  
M	   20-­‐39	   37	   0.343	   0.351	   0.326	   0.335	   0.223	   0.208	   0.138	   0.136	   0.244	   0.261	  
M	   20-­‐39	   38	   0.330	   0.329	   0.193	   0.194	   0.174	   0.168	   0.097	   0.101	   0.219	   0.224	  
M	   20-­‐39	   39	   0.370	   0.381	   0.347	   0.360	   0.258	   0.241	   0.168	   0.158	   0.277	   0.283	  
M	   20-­‐39	   40	   0.373	   0.438	   0.254	   0.287	   0.233	   0.218	   0.131	   0.129	   0.259	   0.240	  
M	   20-­‐39	   41	   0.488	   0.472	   0.357	   0.353	   0.296	   0.287	   0.185	   0.185	   0.303	   0.291	  
M	   20-­‐39	   42	   0.323	   0.340	   0.265	   0.268	   0.223	   0.203	   0.162	   0.157	   0.281	   0.282	  
M	   20-­‐39	   43	   0.469	   0.475	   0.331	   0.343	   0.223	   0.210	   0.116	   0.117	   0.261	   0.248	  
M	   40-­‐60	   44	   0.368	   0.373	   0.283	   0.288	   0.258	   0.239	   0.179	   0.174	   0.267	   0.254	  
M	   40-­‐60	   45	   0.374	   0.344	   0.307	   0.308	   0.265	   0.255	   0.189	   0.180	   NaN	   NaN	  
M	   40-­‐60	   46	   0.344	   0.341	   0.291	   0.283	   0.269	   0.261	   0.160	   0.155	   0.316	   0.319	  
M	   40-­‐60	   47	   0.324	   0.330	   0.283	   0.251	   0.244	   0.227	   0.161	   0.158	   0.255	   0.254	  
M	   40-­‐60	   48	   0.367	   0.378	   0.321	   0.309	   0.239	   0.228	   0.163	   0.154	   0.278	   0.272	  
M	   40-­‐60	   49	   0.365	   0.378	   0.266	   0.279	   0.217	   0.215	   0.148	   0.150	   0.249	   0.247	  
M	   65+	   50	   0.318	   0.290	   0.301	   0.306	   0.199	   0.188	   0.151	   0.150	   0.269	   0.265	  
M	   65+	   51	   0.315	   0.369	   0.337	   0.341	   0.269	   0.268	   0.201	   0.204	   0.395	   0.396	  
M	   65+	   52	   0.394	   0.390	   0.306	   0.298	   0.245	   0.230	   0.183	   0.180	   0.295	   0.287	  
M	   65+	   53	   0.419	   0.431	   0.309	   0.308	   0.235	   0.226	   0.168	   0.164	   0.262	   0.258	  
M	   65+	   54	   0.501	   0.494	   0.339	   0.335	   0.275	   0.277	   0.202	   0.209	   0.349	   0.360	  
M	   65+	   55	   0.433	   0.442	   0.280	   0.274	   0.251	   0.246	   0.228	   0.228	   0.256	   0.253	  
M	   65+	   56	   0.403	   0.402	   0.392	   0.392	   0.283	   0.273	   0.196	   0.196	   NaN	   NaN	  
M	   65+	   57	   0.331	   0.314	   0.296	   0.298	   0.241	   0.221	   0.156	   0.150	   0.264	   0.250	  
M	   65+	   58	   0.474	   0.480	   0.416	   0.406	   0.314	   0.311	   0.225	   0.227	   0.408	   0.419	  
M	   65+	   59	   0.462	   0.465	   0.381	   0.372	   0.294	   0.282	   0.181	   0.176	   0.304	   0.302	  
M	   65+	   60	   0.489	   0.468	   0.336	   0.339	   0.232	   0.229	   0.160	   0.162	   0.278	   0.271	  
Gender	   Groups	   Subjects	   W2	   W2S	   N2	   N2S	   N22	   N22S	   N23	   N23S	   R2	   R2S	  
F	   20-­‐39	   1	   0.346	   0.293	   0.329	   0.310	   0.258	   0.233	   0.162	   0.151	   0.350	   0.346	  
F	   20-­‐39	   2	   0.297	   0.363	   0.302	   0.321	   0.278	   0.248	   0.176	   0.171	   0.298	   0.308	  
F	   20-­‐39	   3	   0.320	   0.303	   0.297	   0.311	   0.269	   0.250	   0.182	   0.155	   0.247	   0.245	  
F	   20-­‐39	   4	   0.281	   0.309	   0.267	   0.237	   0.238	   0.232	   0.171	   0.154	   0.253	   0.255	  
F	   20-­‐39	   5	   NaN	   NaN	   0.285	   0.270	   0.268	   0.255	   0.189	   0.174	   0.271	   0.270	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F	   40-­‐60	   6	   0.242	   0.201	   0.276	   0.270	   0.226	   0.222	   0.139	   0.132	   0.248	   0.238	  
F	   40-­‐60	   7	   0.486	   0.465	   0.551	   0.537	   0.308	   0.297	   0.203	   0.192	   0.275	   0.285	  
F	   40-­‐60	   8	   NaN	   NaN	   0.308	   0.295	   0.281	   0.256	   0.182	   0.173	   0.304	   0.301	  
F	   40-­‐60	   9	   0.321	   0.299	   0.322	   0.307	   0.294	   0.292	   0.224	   0.224	   0.354	   0.355	  
F	   40-­‐60	   10	   0.376	   0.365	   0.331	   0.324	   0.251	   0.239	   0.190	   0.182	   0.270	   0.255	  
F	   40-­‐60	   11	   0.337	   0.329	   0.326	   0.331	   0.280	   0.267	   0.200	   0.193	   0.310	   0.306	  
F	   40-­‐60	   12	   NaN	   NaN	   0.313	   0.303	   0.262	   0.256	   0.171	   0.168	   0.345	   0.339	  
F	   40-­‐60	   13	   0.275	   0.219	   0.315	   0.298	   0.253	   0.241	   0.217	   0.204	   0.327	   0.330	  
F	   40-­‐60	   14	   0.364	   0.381	   0.311	   0.331	   0.238	   0.219	   0.159	   0.151	   0.317	   0.315	  
F	   40-­‐60	   15	   0.357	   0.314	   0.437	   0.440	   0.276	   0.267	   0.183	   0.181	   0.373	   0.374	  
F	   40-­‐60	   16	   0.276	   0.255	   0.327	   0.316	   0.285	   0.271	   0.191	   0.185	   0.339	   0.335	  
F	   40-­‐60	   17	   0.349	   0.332	   0.313	   0.314	   0.292	   0.290	   0.228	   0.235	   0.310	   0.316	  
F	   65+	   18	   0.466	   0.446	   0.371	   0.353	   0.270	   0.256	   0.218	   0.206	   0.242	   0.236	  
F	   65+	   19	   0.389	   0.383	   0.354	   0.354	   0.281	   0.278	   0.214	   0.207	   0.420	   0.409	  
F	   65+	   20	   NaN	   NaN	   0.202	   0.244	   0.282	   0.255	   0.214	   0.197	   0.291	   0.280	  
F	   65+	   21	   0.382	   0.412	   0.331	   0.315	   0.275	   0.261	   0.189	   0.181	   0.406	   0.410	  
F	   65+	   22	   0.292	   0.279	   0.292	   0.260	   0.243	   0.212	   0.123	   0.120	   0.296	   0.260	  
F	   65+	   23	   0.287	   0.338	   0.248	   0.230	   0.227	   0.215	   0.174	   0.169	   0.239	   0.241	  
F	   65+	   24	   0.307	   0.279	   0.314	   0.293	   0.238	   0.220	   0.182	   0.173	   0.313	   0.308	  
F	   65+	   25	   0.437	   0.452	   0.328	   0.341	   0.247	   0.240	   0.214	   0.201	   0.337	   0.337	  
F	   65+	   26	   0.490	   0.488	   0.382	   0.387	   0.303	   0.293	   NaN	   NaN	   0.401	   0.398	  
F	   65+	   27	   0.401	   0.434	   0.336	   0.336	   0.274	   0.259	   0.152	   0.151	   0.301	   0.296	  
F	   65+	   28	   0.352	   0.340	   0.304	   0.284	   0.245	   0.243	   0.182	   0.185	   0.300	   0.301	  
F	   65+	   29	   0.309	   0.276	   0.256	   0.254	   0.222	   0.213	   0.144	   0.144	   0.259	   0.252	  
M	   20-­‐39	   30	   0.368	   0.392	   0.313	   0.329	   0.255	   0.254	   0.177	   0.165	   0.255	   0.260	  
M	   20-­‐39	   31	   0.337	   0.334	   0.266	   0.276	   0.239	   0.226	   0.187	   0.170	   0.248	   0.244	  
M	   20-­‐39	   32	   0.325	   0.387	   0.264	   0.262	   0.249	   0.242	   0.208	   0.198	   0.257	   0.284	  
M	   20-­‐39	   33	   0.284	   0.309	   0.275	   0.302	   0.268	   0.269	   0.213	   0.208	   0.227	   0.261	  
M	   20-­‐39	   34	   0.333	   0.387	   0.286	   0.292	   0.257	   0.232	   0.165	   0.148	   0.264	   0.269	  
M	   20-­‐39	   35	   0.098	   0.110	   0.214	   0.205	   0.215	   0.204	   0.172	   0.156	   0.265	   0.262	  
M	   20-­‐39	   36	   0.372	   0.342	   0.322	   0.314	   0.268	   0.254	   0.175	   0.163	   0.260	   0.252	  
M	   20-­‐39	   37	   0.268	   0.238	   0.263	   0.269	   0.224	   0.200	   0.152	   0.139	   0.242	   0.255	  
M	   20-­‐39	   38	   0.392	   0.397	   0.256	   0.224	   0.229	   0.213	   0.111	   0.117	   0.255	   0.243	  
M	   20-­‐39	   39	   NaN	   NaN	   0.298	   0.302	   0.268	   0.238	   0.198	   0.171	   0.275	   0.272	  
M	   20-­‐39	   40	   0.369	   0.399	   0.297	   0.313	   0.251	   0.220	   0.167	   0.138	   0.268	   0.269	  
M	   20-­‐39	   41	   0.397	   0.450	   0.314	   0.336	   0.292	   0.292	   0.164	   0.162	   0.286	   0.285	  
M	   20-­‐39	   42	   0.353	   0.328	   0.262	   0.248	   0.238	   0.207	   0.172	   0.160	   0.274	   0.284	  
M	   20-­‐39	   43	   0.294	   0.326	   0.241	   0.281	   0.201	   0.194	   0.108	   0.119	   0.238	   0.234	  
M	   40-­‐60	   44	   NaN	   NaN	   0.291	   0.277	   0.272	   0.263	   0.190	   0.179	   0.282	   0.273	  
M	   40-­‐60	   45	   0.211	   0.150	   0.306	   0.324	   0.240	   0.234	   0.177	   0.171	   0.281	   0.268	  
M	   40-­‐60	   46	   0.272	   0.258	   0.232	   0.237	   0.230	   0.223	   0.150	   0.149	   0.264	   0.260	  
M	   40-­‐60	   47	   0.341	   0.325	   0.314	   0.302	   0.249	   0.242	   0.185	   0.171	   0.248	   0.238	  
M	   40-­‐60	   48	   0.275	   0.265	   0.253	   0.231	   0.221	   0.202	   0.150	   0.143	   0.263	   0.247	  
M	   40-­‐60	   49	   0.346	   0.422	   0.258	   0.264	   0.237	   0.227	   0.171	   0.160	   0.264	   0.259	  
Appendices	  	  
141	  
Pinar	  Deniz	  Tosun,	  2018	  
M	   65+	   50	   0.219	   0.231	   0.249	   0.237	   0.221	   0.195	   0.136	   0.138	   0.239	   0.236	  
M	   65+	   51	   0.456	   0.466	   0.375	   0.376	   0.294	   0.298	   NaN	   NaN	   0.381	   0.361	  
M	   65+	   52	   0.365	   0.380	   0.287	   0.278	   0.249	   0.242	   0.169	   0.165	   0.322	   0.319	  
M	   65+	   53	   0.229	   0.237	   0.249	   0.232	   0.248	   0.235	   0.168	   0.167	   0.280	   0.267	  
M	   65+	   54	   0.429	   0.424	   0.354	   0.363	   0.271	   0.271	   0.205	   0.193	   0.321	   0.337	  
M	   65+	   55	   0.267	   0.246	   0.257	   0.228	   0.236	   0.208	   NaN	   NaN	   0.257	   0.231	  
M	   65+	   56	   0.396	   0.368	   0.361	   0.371	   0.289	   0.284	   0.186	   0.186	   0.361	   0.364	  
M	   65+	   57	   0.423	   0.412	   0.360	   0.341	   0.255	   0.232	   NaN	   NaN	   0.304	   0.301	  
M	   65+	   58	   0.388	   0.397	   0.326	   0.328	   0.278	   0.259	   0.185	   0.193	   0.315	   0.322	  
M	   65+	   59	   0.437	   0.445	   0.329	   0.320	   0.279	   0.273	   0.184	   0.189	   0.305	   0.317	  
M	   65+	   60	   0.451	   0.445	   0.324	   0.324	   0.251	   0.245	   0.171	   0.167	   0.305	   0.310	  
Gender	   Groups	   Subjects	   W3	   W3S	   N3	   N3S	   N32	   N32S	   N33	   N33S	   R3	   R3S	  
F	   20-­‐39	   1	   0.328	   0.319	   0.331	   0.307	   0.268	   0.238	   0.185	   0.174	   0.346	   0.348	  
F	   20-­‐39	   2	   0.296	   0.369	   0.300	   0.286	   0.278	   0.266	   NaN	   NaN	   0.296	   0.300	  
F	   20-­‐39	   3	   0.304	   0.325	   0.292	   0.292	   0.285	   0.273	   0.194	   0.184	   0.238	   0.236	  
F	   20-­‐39	   4	   0.231	   0.247	   0.244	   0.232	   0.198	   0.184	   0.139	   0.131	   0.207	   0.202	  
F	   20-­‐39	   5	   0.408	   0.455	   0.284	   0.294	   0.268	   0.253	   0.217	   0.198	   0.269	   0.272	  
F	   40-­‐60	   6	   0.306	   0.343	   0.281	   0.286	   0.241	   0.233	   0.112	   0.113	   0.250	   0.255	  
F	   40-­‐60	   7	   0.451	   0.462	   0.349	   0.350	   0.253	   0.245	   0.179	   0.179	   0.234	   0.237	  
F	   40-­‐60	   8	   0.383	   0.382	   0.322	   0.322	   0.286	   0.270	   0.231	   0.213	   0.309	   0.303	  
F	   40-­‐60	   9	   0.344	   0.349	   0.320	   0.318	   0.282	   0.280	   0.235	   0.233	   0.312	   0.304	  
F	   40-­‐60	   10	   0.405	   0.400	   0.332	   0.325	   0.280	   0.280	   0.178	   0.168	   0.282	   0.276	  
F	   40-­‐60	   11	   0.371	   0.393	   0.331	   0.320	   0.303	   0.288	   NaN	   NaN	   0.320	   0.317	  
F	   40-­‐60	   12	   0.347	   0.351	   0.342	   0.332	   0.282	   0.268	   0.183	   0.187	   0.345	   0.338	  
F	   40-­‐60	   13	   0.334	   0.319	   0.343	   0.325	   0.291	   0.275	   0.201	   0.200	   0.324	   0.316	  
F	   40-­‐60	   14	   0.412	   0.415	   0.367	   0.363	   0.275	   0.254	   0.192	   0.181	   0.318	   0.312	  
F	   40-­‐60	   15	   0.288	   0.228	   0.384	   0.385	   0.311	   0.305	   0.213	   0.207	   0.340	   0.328	  
F	   40-­‐60	   16	   0.269	   0.210	   0.344	   0.356	   0.296	   0.285	   0.213	   0.216	   0.327	   0.324	  
F	   40-­‐60	   17	   0.342	   0.341	   0.336	   0.334	   0.278	   0.280	   0.236	   0.248	   0.333	   0.341	  
F	   65+	   18	   0.407	   0.391	   0.323	   0.311	   0.282	   0.273	   0.259	   0.251	   0.253	   0.242	  
F	   65+	   19	   0.378	   0.396	   0.349	   0.358	   0.286	   0.285	   0.241	   0.243	   0.407	   0.396	  
F	   65+	   20	   0.311	   0.320	   0.308	   0.302	   0.268	   0.259	   0.215	   0.211	   0.279	   0.271	  
F	   65+	   21	   0.357	   0.389	   0.333	   0.305	   0.294	   0.269	   0.179	   0.184	   0.403	   0.397	  
F	   65+	   22	   0.454	   0.460	   0.338	   0.328	   0.253	   0.226	   0.150	   0.147	   0.304	   0.288	  
F	   65+	   23	   0.341	   0.412	   0.310	   0.303	   0.259	   0.242	   0.169	   0.152	   0.246	   0.250	  
F	   65+	   24	   0.415	   0.402	   0.329	   0.318	   0.276	   0.261	   NaN	   NaN	   0.298	   0.299	  
F	   65+	   25	   0.390	   0.396	   0.387	   0.350	   0.294	   0.265	   0.233	   0.215	   0.357	   0.347	  
F	   65+	   26	   0.503	   0.499	   0.371	   0.353	   0.287	   0.281	   0.202	   0.187	   0.367	   0.364	  
F	   65+	   27	   0.388	   0.399	   0.329	   0.327	   0.297	   0.270	   NaN	   NaN	   0.283	   0.279	  
F	   65+	   28	   0.394	   0.392	   0.312	   0.300	   0.274	   0.271	   0.225	   0.214	   0.305	   0.305	  
F	   65+	   29	   0.366	   0.351	   0.293	   0.285	   0.232	   0.222	   0.185	   0.181	   0.257	   0.254	  
M	   20-­‐39	   30	   0.225	   0.246	   0.302	   0.330	   0.278	   0.279	   0.148	   0.133	   0.249	   0.249	  
M	   20-­‐39	   31	   0.211	   0.218	   0.243	   0.225	   0.247	   0.229	   0.191	   0.176	   0.241	   0.242	  
M	   20-­‐39	   32	   0.293	   0.352	   0.277	   0.310	   0.260	   0.261	   0.186	   0.163	   0.266	   0.282	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M	   20-­‐39	   33	   0.252	   0.292	   0.243	   0.263	   0.253	   0.254	   NaN	   NaN	   0.243	   0.268	  
M	   20-­‐39	   34	   0.333	   0.403	   0.286	   0.297	   0.268	   0.249	   0.200	   0.175	   0.265	   0.274	  
M	   20-­‐39	   35	   0.137	   0.137	   0.234	   0.237	   0.222	   0.212	   0.183	   0.168	   0.242	   0.227	  
M	   20-­‐39	   36	   0.268	   0.288	   0.259	   0.271	   0.262	   0.257	   0.181	   0.175	   0.262	   0.274	  
M	   20-­‐39	   37	   0.379	   0.365	   0.282	   0.278	   0.242	   0.224	   0.143	   0.133	   0.233	   0.226	  
M	   20-­‐39	   38	   0.277	   0.276	   0.254	   0.234	   0.277	   0.264	   0.173	   0.176	   0.243	   0.233	  
M	   20-­‐39	   39	   0.356	   0.360	   0.302	   0.310	   0.263	   0.234	   0.230	   0.160	   0.279	   0.286	  
M	   20-­‐39	   40	   0.342	   0.364	   0.323	   0.351	   0.259	   0.233	   0.175	   0.176	   0.276	   0.278	  
M	   20-­‐39	   41	   0.294	   0.290	   0.298	   0.306	   0.297	   0.289	   0.200	   0.187	   0.296	   0.304	  
M	   20-­‐39	   42	   0.372	   0.385	   0.299	   0.312	   0.277	   0.252	   NaN	   NaN	   0.282	   0.285	  
M	   20-­‐39	   43	   0.407	   0.426	   0.261	   0.270	   0.222	   0.212	   0.139	   0.135	   0.245	   0.241	  
M	   40-­‐60	   44	   0.348	   0.358	   0.304	   0.302	   0.276	   0.251	   0.199	   0.188	   0.296	   0.284	  
M	   40-­‐60	   45	   0.318	   0.303	   0.296	   0.282	   0.256	   0.242	   0.198	   0.187	   0.297	   0.287	  
M	   40-­‐60	   46	   0.358	   0.353	   0.312	   0.298	   0.275	   0.268	   0.157	   0.157	   0.290	   0.270	  
M	   40-­‐60	   47	   0.374	   0.360	   0.299	   0.292	   0.253	   0.239	   NaN	   NaN	   0.243	   0.240	  
M	   40-­‐60	   48	   0.332	   0.322	   0.275	   0.216	   0.234	   0.215	   NaN	   NaN	   0.262	   0.260	  
M	   40-­‐60	   49	   0.303	   0.340	   0.272	   0.265	   0.239	   0.229	   0.167	   0.174	   0.241	   0.236	  
M	   65+	   50	   0.330	   0.311	   0.306	   0.300	   0.249	   0.226	   0.170	   0.148	   0.254	   0.236	  
M	   65+	   51	   0.285	   0.249	   0.373	   0.368	   0.272	   0.276	   NaN	   NaN	   0.385	   0.369	  
M	   65+	   52	   0.419	   0.422	   0.352	   0.342	   0.245	   0.240	   0.195	   0.189	   0.324	   0.319	  
M	   65+	   53	   0.313	   0.322	   0.309	   0.311	   0.252	   0.234	   0.167	   0.160	   0.255	   0.245	  
M	   65+	   54	   0.410	   0.370	   0.370	   0.373	   0.310	   0.318	   NaN	   NaN	   0.347	   0.356	  
M	   65+	   55	   0.241	   0.195	   0.236	   0.175	   0.199	   0.159	   NaN	   NaN	   0.231	   0.181	  
M	   65+	   56	   0.410	   0.410	   0.375	   0.371	   0.317	   0.309	   0.195	   0.203	   0.348	   0.346	  
M	   65+	   57	   0.341	   0.335	   0.299	   0.285	   0.250	   0.233	   0.149	   0.143	   0.266	   0.258	  
M	   65+	   58	   0.460	   0.461	   0.325	   0.308	   0.277	   0.266	   0.200	   0.198	   0.332	   0.349	  
M	   65+	   59	   0.467	   0.454	   0.366	   0.359	   0.316	   0.308	   NaN	   NaN	   0.310	   0.313	  
M	   65+	   60	   0.347	   0.328	   0.287	   0.298	   0.253	   0.252	   0.173	   0.167	   0.280	   0.277	  
	  
Appendix	  8.	  Averaged	  LZC	  (Td	  =	  median)	  of	  all	  60	  subjects	  in	  different	  VS.	  LZC	  values	  were	  averaged	  into	  
thirds	  (1-­‐3)	  of	  the	  whole	  night	  and	  grouped	  into	  5	  different	  VS.	  VS	  were	  denoted	  as;	  W:	  wakefulness,	  N1:	  
NREM	  sleep	  stage	  1,	  N2:	  NREM	  sleep	  stage	  2,	  N3:	  NREM	  sleep	  stage	  3,	  R:	  REM	  sleep.	  Age	  groups	  were	  
20-­‐39	  for	  young,	  40-­‐60	  for	  middle	  and	  65=	  for	  old	  subjects.	  Gender	  was	  abbreviated	  as;	  F:	  females	  and	  
M:	  males.	  Complexity	  values	  obtained	  from	  O1	  were	  tabulated.	  
Gender	   Groups	   Subjects	   W1	   W1S	   N1	   N1S	   N2	   N2S	   N3	   N3S	   R1	   R1S	  
F	   20-­‐39	   1	   0.378	   0.384	   0.321	   0.327	   0.272	   0.272	   0.175	   0.173	   0.314	   0.301	  
F	   20-­‐39	   2	   0.412	   0.446	   0.335	   0.347	   0.263	   0.264	   0.192	   0.196	   0.306	   0.299	  
F	   20-­‐39	   3	   0.387	   0.344	   0.345	   0.332	   0.277	   0.275	   0.179	   0.178	   0.214	   0.215	  
F	   20-­‐39	   4	   0.398	   0.370	   0.286	   0.286	   0.248	   0.247	   0.156	   0.155	   0.276	   0.274	  
F	   20-­‐39	   5	   0.403	   0.350	   0.336	   0.333	   0.251	   0.246	   0.174	   0.180	   0.255	   0.240	  
F	   40-­‐60	   6	   0.392	   0.404	   0.313	   0.306	   0.240	   0.245	   0.156	   0.161	   0.270	   0.276	  
F	   40-­‐60	   7	   0.401	   0.391	   0.433	   0.427	   0.312	   0.303	   0.235	   0.231	   NaN	   NaN	  
F	   40-­‐60	   8	   0.419	   0.411	   0.358	   0.373	   0.302	   0.295	   0.208	   0.207	   0.312	   0.308	  
F	   40-­‐60	   9	   0.350	   0.344	   0.316	   0.297	   0.269	   0.262	   0.217	   0.215	   0.287	   0.255	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F	   40-­‐60	   10	   0.412	   0.412	   0.374	   0.380	   0.284	   0.276	   0.188	   0.183	   0.296	   0.320	  
F	   40-­‐60	   11	   0.468	   0.446	   0.336	   0.338	   0.282	   0.275	   0.192	   0.192	   0.348	   0.341	  
F	   40-­‐60	   12	   0.428	   0.430	   0.366	   0.365	   0.287	   0.285	   0.209	   0.216	   0.368	   0.378	  
F	   40-­‐60	   13	   0.379	   0.360	   0.363	   0.367	   0.299	   0.295	   0.199	   0.204	   0.353	   0.354	  
F	   40-­‐60	   14	   0.291	   0.269	   0.292	   0.276	   0.250	   0.251	   0.186	   0.192	   0.251	   0.241	  
F	   40-­‐60	   15	   0.368	   0.318	   0.376	   0.376	   0.281	   0.283	   0.214	   0.214	   0.348	   0.350	  
F	   40-­‐60	   16	   0.403	   0.366	   0.308	   0.316	   0.294	   0.303	   0.209	   0.217	   0.334	   0.348	  
F	   40-­‐60	   17	   0.357	   0.351	   0.312	   0.310	   0.291	   0.309	   0.233	   0.251	   0.333	   0.345	  
F	   65+	   18	   0.469	   0.425	   0.397	   0.381	   0.298	   0.301	   0.224	   0.233	   0.295	   0.306	  
F	   65+	   19	   0.417	   0.425	   0.394	   0.403	   0.302	   0.308	   0.242	   0.251	   0.417	   0.422	  
F	   65+	   20	   0.449	   0.370	   0.346	   0.324	   0.300	   0.281	   0.276	   0.257	   0.304	   0.290	  
F	   65+	   21	   0.375	   0.380	   0.337	   0.334	   0.280	   0.265	   0.188	   0.192	   0.373	   0.374	  
F	   65+	   22	   0.397	   0.364	   0.319	   0.301	   0.266	   0.260	   0.183	   0.186	   0.323	   0.316	  
F	   65+	   23	   0.221	   0.207	   0.257	   0.242	   0.227	   0.223	   0.176	   0.174	   0.256	   0.259	  
F	   65+	   24	   0.409	   0.370	   0.293	   0.283	   0.260	   0.257	   0.201	   0.202	   0.290	   0.287	  
F	   65+	   25	   0.532	   0.521	   0.439	   0.414	   0.298	   0.295	   0.234	   0.246	   0.352	   0.342	  
F	   65+	   26	   0.468	   0.458	   0.348	   0.341	   0.248	   0.252	   0.190	   0.206	   0.361	   0.381	  
F	   65+	   27	   0.432	   0.429	   0.454	   0.436	   0.276	   0.272	   0.170	   0.171	   0.299	   0.313	  
F	   65+	   28	   0.397	   0.392	   0.322	   0.321	   0.277	   0.279	   0.218	   0.227	   0.298	   0.291	  
F	   65+	   29	   0.382	   0.383	   0.298	   0.308	   0.255	   0.254	   0.164	   0.161	   0.291	   0.293	  
M	   20-­‐39	   30	   0.305	   0.259	   0.277	   0.218	   0.226	   0.216	   0.108	   0.105	   0.269	   0.252	  
M	   20-­‐39	   31	   0.348	   0.352	   0.275	   0.286	   0.243	   0.254	   0.172	   0.176	   0.238	   0.272	  
M	   20-­‐39	   32	   0.388	   0.374	   0.330	   0.334	   0.262	   0.253	   0.190	   0.181	   0.282	   0.249	  
M	   20-­‐39	   33	   0.317	   0.332	   0.275	   0.322	   0.263	   0.292	   0.181	   0.203	   0.270	   0.321	  
M	   20-­‐39	   34	   0.446	   0.466	   0.283	   0.287	   0.260	   0.257	   0.169	   0.164	   0.268	   0.274	  
M	   20-­‐39	   35	   0.312	   0.275	   0.282	   0.303	   0.278	   0.280	   0.199	   0.195	   NaN	   NaN	  
M	   20-­‐39	   36	   0.455	   0.436	   0.449	   0.407	   0.342	   0.312	   0.224	   0.210	   0.255	   0.230	  
M	   20-­‐39	   37	   0.337	   0.351	   0.319	   0.348	   0.223	   0.221	   0.147	   0.143	   0.237	   0.267	  
M	   20-­‐39	   38	   0.348	   0.330	   0.201	   0.183	   0.179	   0.178	   0.093	   0.098	   0.275	   0.275	  
M	   20-­‐39	   39	   0.344	   0.307	   0.340	   0.353	   0.275	   0.272	   0.169	   0.163	   0.289	   0.296	  
M	   20-­‐39	   40	   0.345	   0.393	   0.244	   0.254	   0.251	   0.242	   0.154	   0.151	   0.275	   0.249	  
M	   20-­‐39	   41	   0.488	   0.485	   0.368	   0.384	   0.325	   0.326	   0.214	   0.212	   0.321	   0.343	  
M	   20-­‐39	   42	   0.288	   0.256	   0.269	   0.261	   0.246	   0.242	   0.170	   0.172	   0.278	   0.281	  
M	   20-­‐39	   43	   0.345	   0.338	   0.278	   0.287	   0.218	   0.222	   0.120	   0.127	   0.267	   0.274	  
M	   40-­‐60	   44	   0.359	   0.347	   0.317	   0.314	   0.277	   0.269	   0.189	   0.192	   0.279	   0.275	  
M	   40-­‐60	   45	   0.329	   0.301	   0.288	   0.285	   0.271	   0.265	   0.191	   0.190	   NaN	   NaN	  
M	   40-­‐60	   46	   0.325	   0.302	   0.292	   0.297	   0.275	   0.279	   0.174	   0.174	   0.314	   0.320	  
M	   40-­‐60	   47	   0.341	   0.350	   0.280	   0.286	   0.261	   0.258	   0.184	   0.193	   0.241	   0.257	  
M	   40-­‐60	   48	   0.396	   0.401	   0.373	   0.373	   0.276	   0.287	   0.196	   0.209	   0.310	   0.325	  
M	   40-­‐60	   49	   0.323	   0.318	   0.285	   0.290	   0.209	   0.209	   0.168	   0.176	   0.248	   0.256	  
M	   65+	   50	   0.304	   0.309	   0.269	   0.277	   0.177	   0.187	   0.117	   0.133	   0.247	   0.256	  
M	   65+	   51	   0.258	   0.256	   0.298	   0.298	   0.266	   0.280	   0.217	   0.232	   0.370	   0.384	  
M	   65+	   52	   0.387	   0.365	   0.308	   0.318	   0.259	   0.257	   0.206	   0.209	   0.281	   0.264	  
M	   65+	   53	   0.418	   0.417	   0.357	   0.346	   0.237	   0.234	   0.167	   0.166	   0.249	   0.253	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M	   65+	   54	   0.415	   0.344	   0.293	   0.291	   0.251	   0.272	   0.227	   0.250	   0.341	   0.355	  
M	   65+	   55	   0.428	   0.388	   0.273	   0.273	   0.256	   0.250	   0.253	   0.252	   0.288	   0.293	  
M	   65+	   56	   0.391	   0.394	   0.384	   0.386	   0.276	   0.279	   0.195	   0.201	   NaN	   NaN	  
M	   65+	   57	   0.360	   0.334	   0.335	   0.334	   0.253	   0.246	   0.174	   0.168	   0.251	   0.251	  
M	   65+	   58	   0.511	   0.537	   0.465	   0.466	   0.367	   0.385	   0.272	   0.301	   0.446	   0.488	  
M	   65+	   59	   0.475	   0.467	   0.413	   0.418	   0.321	   0.330	   0.211	   0.226	   0.312	   0.334	  
M	   65+	   60	   0.488	   0.455	   0.332	   0.337	   0.241	   0.248	   0.185	   0.189	   0.285	   0.300	  
Gender	   Groups	   Subjects	   W2	   W2S	   N2	   N2S	   N22	   N22S	   N23	   N23S	   R2	   R2S	  
F	   20-­‐39	   1	   0.210	   0.195	   0.309	   0.313	   0.262	   0.255	   0.179	   0.175	   0.332	   0.329	  
F	   20-­‐39	   2	   0.214	   0.194	   0.293	   0.272	   0.282	   0.274	   0.191	   0.183	   0.328	   0.331	  
F	   20-­‐39	   3	   0.316	   0.250	   0.294	   0.291	   0.280	   0.280	   0.171	   0.163	   0.279	   0.293	  
F	   20-­‐39	   4	   0.214	   0.242	   0.277	   0.247	   0.241	   0.237	   0.181	   0.177	   0.270	   0.262	  
F	   20-­‐39	   5	   NaN	   NaN	   0.273	   0.286	   0.231	   0.224	   0.182	   0.186	   0.223	   0.215	  
F	   40-­‐60	   6	   0.288	   0.300	   0.265	   0.261	   0.226	   0.230	   0.157	   0.158	   0.255	   0.254	  
F	   40-­‐60	   7	   0.475	   0.459	   0.550	   0.540	   0.308	   0.299	   0.209	   0.203	   0.283	   0.287	  
F	   40-­‐60	   8	   NaN	   NaN	   0.302	   0.278	   0.260	   0.236	   0.181	   0.179	   0.289	   0.271	  
F	   40-­‐60	   9	   0.233	   0.230	   0.269	   0.266	   0.256	   0.255	   0.226	   0.227	   0.302	   0.296	  
F	   40-­‐60	   10	   0.360	   0.327	   0.335	   0.336	   0.267	   0.262	   0.200	   0.198	   0.271	   0.263	  
F	   40-­‐60	   11	   0.279	   0.250	   0.315	   0.311	   0.293	   0.287	   0.218	   0.237	   0.335	   0.334	  
F	   40-­‐60	   12	   NaN	   NaN	   0.331	   0.313	   0.272	   0.278	   0.203	   0.206	   0.355	   0.349	  
F	   40-­‐60	   13	   0.301	   0.281	   0.306	   0.315	   0.281	   0.284	   0.241	   0.241	   0.346	   0.351	  
F	   40-­‐60	   14	   0.277	   0.300	   0.219	   0.216	   0.242	   0.242	   0.220	   0.223	   0.298	   0.289	  
F	   40-­‐60	   15	   0.353	   0.312	   0.404	   0.401	   0.294	   0.297	   0.215	   0.211	   0.350	   0.354	  
F	   40-­‐60	   16	   0.271	   0.254	   0.311	   0.345	   0.299	   0.312	   0.201	   0.219	   0.337	   0.348	  
F	   40-­‐60	   17	   0.270	   0.259	   0.300	   0.311	   0.284	   0.292	   0.220	   0.242	   0.324	   0.336	  
F	   65+	   18	   0.470	   0.454	   0.394	   0.385	   0.277	   0.282	   0.228	   0.231	   0.255	   0.261	  
F	   65+	   19	   0.341	   0.314	   0.310	   0.293	   0.295	   0.301	   0.240	   0.240	   0.412	   0.416	  
F	   65+	   20	   NaN	   NaN	   0.217	   0.269	   0.292	   0.265	   0.269	   0.259	   0.319	   0.321	  
F	   65+	   21	   0.357	   0.401	   0.286	   0.287	   0.244	   0.234	   0.177	   0.174	   0.367	   0.366	  
F	   65+	   22	   0.290	   0.273	   0.288	   0.269	   0.256	   0.241	   0.139	   0.139	   0.324	   0.302	  
F	   65+	   23	   0.089	   0.110	   0.163	   0.147	   0.207	   0.203	   0.173	   0.170	   0.258	   0.266	  
F	   65+	   24	   0.258	   0.228	   0.283	   0.282	   0.242	   0.235	   0.192	   0.189	   0.309	   0.319	  
F	   65+	   25	   0.426	   0.431	   0.326	   0.341	   0.280	   0.289	   0.245	   0.249	   0.326	   0.325	  
F	   65+	   26	   0.456	   0.449	   0.353	   0.362	   0.273	   0.269	   NaN	   NaN	   0.389	   0.394	  
F	   65+	   27	   0.445	   0.444	   0.348	   0.354	   0.281	   0.281	   0.165	   0.165	   0.294	   0.300	  
F	   65+	   28	   0.333	   0.324	   0.282	   0.275	   0.247	   0.257	   0.198	   0.214	   0.286	   0.287	  
F	   65+	   29	   0.299	   0.275	   0.266	   0.247	   0.248	   0.247	   0.161	   0.163	   0.283	   0.282	  
M	   20-­‐39	   30	   0.286	   0.264	   0.283	   0.282	   0.194	   0.170	   0.078	   0.082	   0.257	   0.245	  
M	   20-­‐39	   31	   0.338	   0.331	   0.253	   0.279	   0.243	   0.264	   0.194	   0.201	   0.251	   0.262	  
M	   20-­‐39	   32	   0.270	   0.257	   0.284	   0.286	   0.279	   0.270	   0.222	   0.223	   0.241	   0.215	  
M	   20-­‐39	   33	   0.276	   0.289	   0.300	   0.350	   0.300	   0.321	   0.242	   0.254	   0.275	   0.334	  
M	   20-­‐39	   34	   0.303	   0.403	   0.293	   0.314	   0.265	   0.263	   0.175	   0.168	   0.264	   0.264	  
M	   20-­‐39	   35	   0.061	   0.096	   0.230	   0.219	   0.251	   0.241	   0.187	   0.178	   0.270	   0.265	  
M	   20-­‐39	   36	   0.426	   0.384	   0.387	   0.378	   0.311	   0.302	   0.193	   0.188	   0.282	   0.293	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M	   20-­‐39	   37	   0.212	   0.212	   0.246	   0.272	   0.226	   0.219	   0.162	   0.170	   0.238	   0.244	  
M	   20-­‐39	   38	   0.399	   0.347	   0.214	   0.184	   0.213	   0.185	   0.039	   0.051	   0.281	   0.269	  
M	   20-­‐39	   39	   NaN	   NaN	   0.286	   0.286	   0.271	   0.252	   0.201	   0.185	   0.284	   0.289	  
M	   20-­‐39	   40	   0.298	   0.223	   0.272	   0.239	   0.254	   0.244	   0.186	   0.176	   0.266	   0.259	  
M	   20-­‐39	   41	   0.353	   0.357	   0.321	   0.305	   0.315	   0.318	   0.190	   0.196	   0.322	   0.317	  
M	   20-­‐39	   42	   0.281	   0.262	   0.222	   0.214	   0.256	   0.248	   0.171	   0.179	   0.270	   0.266	  
M	   20-­‐39	   43	   0.183	   0.175	   0.197	   0.194	   0.195	   0.189	   0.097	   0.108	   0.239	   0.223	  
M	   40-­‐60	   44	   NaN	   NaN	   0.313	   0.327	   0.277	   0.277	   0.203	   0.201	   0.298	   0.296	  
M	   40-­‐60	   45	   0.207	   0.178	   0.247	   0.173	   0.200	   0.181	   0.132	   0.127	   0.232	   0.225	  
M	   40-­‐60	   46	   0.311	   0.294	   0.227	   0.216	   0.246	   0.244	   0.168	   0.168	   0.294	   0.291	  
M	   40-­‐60	   47	   0.353	   0.336	   0.308	   0.312	   0.260	   0.261	   0.209	   0.212	   0.238	   0.242	  
M	   40-­‐60	   48	   0.318	   0.311	   0.277	   0.273	   0.248	   0.250	   0.179	   0.195	   0.295	   0.308	  
M	   40-­‐60	   49	   0.257	   0.242	   0.206	   0.176	   0.177	   0.152	   0.162	   0.155	   0.222	   0.214	  
M	   65+	   50	   0.129	   0.108	   0.210	   0.213	   0.199	   0.191	   0.133	   0.139	   0.216	   0.220	  
M	   65+	   51	   0.458	   0.456	   0.359	   0.370	   0.288	   0.302	   NaN	   NaN	   0.353	   0.327	  
M	   65+	   52	   0.298	   0.284	   0.285	   0.278	   0.250	   0.249	   0.182	   0.179	   0.311	   0.311	  
M	   65+	   53	   0.219	   0.247	   0.237	   0.206	   0.253	   0.241	   0.174	   0.169	   0.268	   0.262	  
M	   65+	   54	   0.335	   0.296	   0.292	   0.293	   0.165	   0.168	   0.100	   0.086	   0.317	   0.348	  
M	   65+	   55	   0.266	   0.234	   0.243	   0.195	   0.219	   0.182	   NaN	   NaN	   0.248	   0.226	  
M	   65+	   56	   0.356	   0.332	   0.310	   0.336	   0.268	   0.286	   0.133	   0.154	   0.338	   0.365	  
M	   65+	   57	   0.409	   0.396	   0.341	   0.337	   0.258	   0.256	   NaN	   NaN	   0.305	   0.292	  
M	   65+	   58	   0.424	   0.452	   0.330	   0.365	   0.295	   0.298	   0.208	   0.238	   0.310	   0.369	  
M	   65+	   59	   0.449	   0.433	   0.319	   0.322	   0.301	   0.313	   0.209	   0.216	   0.336	   0.363	  
M	   65+	   60	   0.489	   0.468	   0.324	   0.338	   0.263	   0.272	   0.194	   0.200	   0.302	   0.329	  
Gender	   Groups	   Subjects	   W3	   W3S	   N3	   N3S	   N32	   N32S	   N33	   N33S	   R3	   R3S	  
F	   20-­‐39	   1	   0.294	   0.297	   0.312	   0.286	   0.278	   0.270	   0.216	   0.212	   0.335	   0.335	  
F	   20-­‐39	   2	   0.222	   0.187	   0.306	   0.321	   0.276	   0.271	   NaN	   NaN	   0.321	   0.319	  
F	   20-­‐39	   3	   0.239	   0.219	   0.272	   0.262	   0.274	   0.262	   0.127	   0.112	   0.274	   0.277	  
F	   20-­‐39	   4	   0.226	   0.265	   0.256	   0.261	   0.229	   0.231	   0.202	   0.203	   0.255	   0.263	  
F	   20-­‐39	   5	   0.151	   0.160	   0.219	   0.188	   0.231	   0.222	   0.201	   0.197	   0.215	   0.206	  
F	   40-­‐60	   6	   0.243	   0.253	   0.274	   0.284	   0.241	   0.244	   0.142	   0.148	   0.258	   0.262	  
F	   40-­‐60	   7	   0.425	   0.414	   0.337	   0.341	   0.266	   0.261	   0.189	   0.190	   0.268	   0.264	  
F	   40-­‐60	   8	   0.358	   0.363	   0.326	   0.321	   0.288	   0.285	   0.242	   0.238	   0.309	   0.300	  
F	   40-­‐60	   9	   0.327	   0.319	   0.269	   0.268	   0.240	   0.237	   0.207	   0.212	   0.267	   0.255	  
F	   40-­‐60	   10	   0.422	   0.413	   0.347	   0.347	   0.292	   0.293	   0.198	   0.198	   0.279	   0.269	  
F	   40-­‐60	   11	   0.356	   0.355	   0.346	   0.339	   0.311	   0.304	   NaN	   NaN	   0.337	   0.342	  
F	   40-­‐60	   12	   0.364	   0.363	   0.338	   0.340	   0.288	   0.289	   0.211	   0.227	   0.357	   0.354	  
F	   40-­‐60	   13	   0.311	   0.303	   0.325	   0.311	   0.295	   0.298	   0.211	   0.202	   0.331	   0.328	  
F	   40-­‐60	   14	   0.227	   0.256	   0.307	   0.287	   0.350	   0.338	   0.186	   0.184	   0.354	   0.304	  
F	   40-­‐60	   15	   0.255	   0.196	   0.347	   0.337	   0.310	   0.314	   0.244	   0.249	   0.315	   0.305	  
F	   40-­‐60	   16	   0.224	   0.139	   0.308	   0.312	   0.302	   0.321	   0.250	   0.281	   0.329	   0.345	  
F	   40-­‐60	   17	   0.269	   0.177	   0.292	   0.300	   0.247	   0.263	   0.197	   0.222	   0.326	   0.336	  
F	   65+	   18	   0.415	   0.384	   0.317	   0.327	   0.289	   0.298	   0.263	   0.275	   0.273	   0.289	  
F	   65+	   19	   0.383	   0.424	   0.351	   0.373	   0.291	   0.302	   0.259	   0.272	   0.402	   0.401	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F	   65+	   20	   0.288	   0.293	   0.293	   0.313	   0.272	   0.271	   0.250	   0.256	   0.318	   0.315	  
F	   65+	   21	   0.377	   0.419	   0.284	   0.254	   0.260	   0.248	   0.165	   0.162	   0.358	   0.355	  
F	   65+	   22	   0.436	   0.431	   0.328	   0.324	   0.260	   0.250	   0.180	   0.187	   0.302	   0.293	  
F	   65+	   23	   0.189	   0.178	   0.270	   0.259	   0.259	   0.257	   0.155	   0.159	   0.265	   0.272	  
F	   65+	   24	   0.394	   0.362	   0.288	   0.274	   0.241	   0.248	   NaN	   NaN	   0.314	   0.317	  
F	   65+	   25	   0.307	   0.285	   0.329	   0.298	   0.295	   0.293	   0.243	   0.235	   0.330	   0.318	  
F	   65+	   26	   0.482	   0.473	   0.310	   0.299	   0.245	   0.247	   0.163	   0.191	   0.339	   0.335	  
F	   65+	   27	   0.385	   0.372	   0.338	   0.361	   0.307	   0.305	   NaN	   NaN	   0.297	   0.309	  
F	   65+	   28	   0.336	   0.339	   0.293	   0.293	   0.265	   0.273	   0.229	   0.253	   0.289	   0.293	  
F	   65+	   29	   0.369	   0.362	   0.325	   0.318	   0.251	   0.245	   0.202	   0.204	   0.286	   0.288	  
M	   20-­‐39	   30	   0.234	   0.193	   0.293	   0.281	   0.267	   0.262	   0.091	   0.095	   0.267	   0.259	  
M	   20-­‐39	   31	   0.200	   0.203	   0.213	   0.232	   0.233	   0.242	   0.194	   0.205	   0.248	   0.282	  
M	   20-­‐39	   32	   0.258	   0.240	   0.283	   0.278	   0.290	   0.289	   0.220	   0.212	   0.286	   0.293	  
M	   20-­‐39	   33	   0.217	   0.234	   0.243	   0.276	   0.271	   0.299	   NaN	   NaN	   0.269	   0.316	  
M	   20-­‐39	   34	   0.272	   0.262	   0.277	   0.278	   0.267	   0.266	   0.201	   0.185	   0.266	   0.274	  
M	   20-­‐39	   35	   0.187	   0.145	   0.227	   0.227	   0.180	   0.186	   0.223	   0.210	   0.246	   0.242	  
M	   20-­‐39	   36	   0.376	   0.320	   0.290	   0.295	   0.300	   0.301	   0.202	   0.205	   0.289	   0.298	  
M	   20-­‐39	   37	   0.338	   0.333	   0.255	   0.275	   0.238	   0.251	   0.152	   0.151	   0.236	   0.246	  
M	   20-­‐39	   38	   0.050	   0.074	   0.216	   0.225	   0.182	   0.185	   0.048	   0.065	   0.310	   0.326	  
M	   20-­‐39	   39	   0.356	   0.342	   0.307	   0.309	   0.272	   0.256	   0.223	   0.200	   0.291	   0.290	  
M	   20-­‐39	   40	   0.265	   0.241	   0.276	   0.267	   0.272	   0.262	   0.189	   0.193	   0.283	   0.280	  
M	   20-­‐39	   41	   0.283	   0.258	   0.289	   0.281	   0.320	   0.315	   0.233	   0.233	   0.325	   0.325	  
M	   20-­‐39	   42	   0.360	   0.361	   0.277	   0.283	   0.263	   0.264	   NaN	   NaN	   0.250	   0.252	  
M	   20-­‐39	   43	   0.309	   0.299	   0.232	   0.249	   0.223	   0.221	   0.141	   0.150	   0.242	   0.242	  
M	   40-­‐60	   44	   0.335	   0.314	   0.296	   0.300	   0.274	   0.269	   0.204	   0.199	   0.286	   0.272	  
M	   40-­‐60	   45	   0.291	   0.276	   0.225	   0.175	   0.204	   0.196	   0.152	   0.148	   0.260	   0.244	  
M	   40-­‐60	   46	   0.388	   0.391	   0.306	   0.305	   0.277	   0.281	   0.164	   0.171	   0.287	   0.259	  
M	   40-­‐60	   47	   0.379	   0.379	   0.280	   0.287	   0.256	   0.253	   NaN	   NaN	   0.240	   0.249	  
M	   40-­‐60	   48	   0.354	   0.352	   0.326	   0.317	   0.254	   0.250	   NaN	   NaN	   0.287	   0.292	  
M	   40-­‐60	   49	   0.221	   0.188	   0.118	   0.102	   0.145	   0.120	   0.154	   0.151	   0.203	   0.183	  
M	   65+	   50	   0.340	   0.328	   0.301	   0.321	   0.250	   0.258	   0.188	   0.188	   0.254	   0.263	  
M	   65+	   51	   0.178	   0.137	   0.325	   0.325	   0.258	   0.264	   NaN	   NaN	   0.344	   0.332	  
M	   65+	   52	   0.420	   0.398	   0.340	   0.336	   0.262	   0.261	   0.218	   0.215	   0.316	   0.316	  
M	   65+	   53	   0.345	   0.358	   0.275	   0.254	   0.249	   0.238	   0.162	   0.164	   0.243	   0.234	  
M	   65+	   54	   0.295	   0.251	   0.298	   0.309	   0.276	   0.302	   NaN	   NaN	   0.314	   0.345	  
M	   65+	   55	   0.216	   0.163	   0.235	   0.168	   0.194	   0.158	   NaN	   NaN	   0.211	   0.154	  
M	   65+	   56	   0.405	   0.404	   0.351	   0.368	   0.303	   0.313	   0.195	   0.207	   0.331	   0.353	  
M	   65+	   57	   0.337	   0.326	   0.285	   0.274	   0.259	   0.250	   0.173	   0.170	   0.273	   0.269	  
M	   65+	   58	   0.450	   0.447	   0.321	   0.336	   0.272	   0.302	   0.219	   0.265	   0.321	   0.373	  
M	   65+	   59	   0.458	   0.438	   0.371	   0.370	   0.332	   0.340	   NaN	   NaN	   0.314	   0.345	  
M	   65+	   60	   0.317	   0.293	   0.279	   0.275	   0.261	   0.266	   0.200	   0.207	   0.295	   0.323	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Appendix	  9.	  Averaged	  PE	  (m	  =	  6,	  τ	  =	  1)	  of	  all	  60	  subjects	   in	  different	  VS.	  PE	  values	  were	  averaged	   into	  
thirds	  (1-­‐3)	  of	  the	  whole	  night	  and	  grouped	  into	  5	  different	  VS.	  VS	  were	  denoted	  as;	  W:	  wakefulness,	  N1:	  
NREM	  sleep	  stage	  1,	  N2:	  NREM	  sleep	  stage	  2,	  N3:	  NREM	  sleep	  stage	  3,	  R:	  REM	  sleep.	  Age	  groups	  were	  
20-­‐39	  for	  young,	  40-­‐60	  for	  middle	  and	  65=	  for	  old	  subjects.	  Gender	  was	  abbreviated	  as;	  F:	  females	  and	  
M:	  males.	  Complexity	  values	  obtained	  from	  C3	  were	  tabulated.	  
Gender	   Groups	   Subjects	   W1	   W1S	   N1	   N1S	   N2	   N2S	   N3	   N3S	   R1	   R1S	  
F	   20-­‐39	   1	   0.494	   0.506	   0.499	   0.502	   0.434	   0.458	   0.395	   0.453	   0.493	   0.507	  
F	   20-­‐39	   2	   0.506	   0.524	   0.492	   0.513	   0.423	   0.435	   0.381	   0.426	   0.447	   0.480	  
F	   20-­‐39	   3	   0.542	   0.560	   0.517	   0.529	   0.465	   0.482	   0.417	   0.472	   0.467	   0.482	  
F	   20-­‐39	   4	   0.523	   0.540	   0.490	   0.500	   0.442	   0.457	   0.403	   0.470	   0.458	   0.480	  
F	   20-­‐39	   5	   0.549	   0.567	   0.520	   0.532	   0.461	   0.475	   0.436	   0.475	   0.480	   0.504	  
F	   40-­‐60	   6	   0.514	   0.537	   0.502	   0.513	   0.429	   0.460	   0.379	   0.439	   0.455	   0.481	  
F	   40-­‐60	   7	   0.548	   0.561	   0.542	   0.551	   0.486	   0.520	   0.436	   0.457	   NaN	   NaN	  
F	   40-­‐60	   8	   0.529	   0.545	   0.528	   0.541	   0.506	   0.518	   0.453	   0.497	   0.508	   0.523	  
F	   40-­‐60	   9	   0.489	   0.501	   0.471	   0.473	   0.456	   0.479	   0.410	   0.458	   0.491	   0.510	  
F	   40-­‐60	   10	   0.524	   0.533	   0.528	   0.528	   0.484	   0.499	   0.455	   0.494	   0.487	   0.495	  
F	   40-­‐60	   11	   0.535	   0.545	   0.509	   0.513	   0.428	   0.444	   0.391	   0.438	   0.489	   0.502	  
F	   40-­‐60	   12	   0.507	   0.527	   0.505	   0.522	   0.472	   0.497	   0.466	   0.514	   0.509	   0.526	  
F	   40-­‐60	   13	   0.493	   0.516	   0.481	   0.507	   0.442	   0.453	   0.396	   0.438	   0.492	   0.505	  
F	   40-­‐60	   14	   0.525	   0.542	   0.506	   0.517	   0.474	   0.493	   0.453	   0.487	   0.515	   0.527	  
F	   40-­‐60	   15	   0.547	   0.569	   0.539	   0.553	   0.491	   0.504	   0.462	   0.487	   0.522	   0.530	  
F	   40-­‐60	   16	   0.501	   0.516	   0.485	   0.490	   0.445	   0.461	   0.399	   0.436	   0.453	   0.451	  
F	   40-­‐60	   17	   0.499	   0.510	   0.456	   0.483	   0.407	   0.437	   0.380	   0.433	   0.456	   0.472	  
F	   65+	   18	   0.527	   0.533	   0.507	   0.510	   0.443	   0.455	   0.396	   0.433	   0.471	   0.484	  
F	   65+	   19	   0.502	   0.524	   0.508	   0.515	   0.487	   0.502	   0.469	   0.499	   0.496	   0.505	  
F	   65+	   20	   0.554	   0.572	   0.542	   0.565	   0.522	   0.551	   0.508	   0.554	   0.519	   0.540	  
F	   65+	   21	   0.506	   0.529	   0.493	   0.534	   0.475	   0.502	   0.439	   0.485	   0.516	   0.524	  
F	   65+	   22	   0.517	   0.532	   0.509	   0.555	   0.471	   0.497	   0.441	   0.504	   0.473	   0.487	  
F	   65+	   23	   0.544	   0.567	   0.514	   0.546	   0.443	   0.466	   0.408	   0.462	   0.454	   0.476	  
F	   65+	   24	   0.544	   0.564	   0.472	   0.501	   0.427	   0.462	   0.396	   0.453	   0.464	   0.484	  
F	   65+	   25	   0.529	   0.534	   0.514	   0.515	   0.462	   0.489	   0.417	   0.457	   0.502	   0.511	  
F	   65+	   26	   0.534	   0.546	   0.527	   0.531	   0.491	   0.509	   0.457	   0.501	   0.522	   0.528	  
F	   65+	   27	   0.487	   0.509	   0.521	   0.521	   0.458	   0.476	   0.415	   0.468	   0.459	   0.477	  
F	   65+	   28	   0.518	   0.533	   0.496	   0.516	   0.478	   0.499	   0.476	   0.514	   0.450	   0.491	  
F	   65+	   29	   0.537	   0.563	   0.504	   0.526	   0.464	   0.494	   0.421	   0.472	   0.477	   0.486	  
M	   20-­‐39	   30	   0.512	   0.547	   0.489	   0.502	   0.451	   0.483	   0.403	   0.479	   0.477	   0.508	  
M	   20-­‐39	   31	   0.507	   0.528	   0.485	   0.524	   0.419	   0.443	   0.399	   0.472	   0.468	   0.500	  
M	   20-­‐39	   32	   0.559	   0.565	   0.540	   0.560	   0.483	   0.507	   0.454	   0.502	   0.479	   0.484	  
M	   20-­‐39	   33	   0.538	   0.555	   0.472	   0.481	   0.452	   0.461	   0.409	   0.475	   0.460	   0.490	  
M	   20-­‐39	   34	   0.535	   0.547	   0.466	   0.478	   0.431	   0.460	   0.402	   0.461	   0.467	   0.486	  
M	   20-­‐39	   35	   0.519	   0.541	   0.474	   0.516	   0.447	   0.479	   0.416	   0.475	   NaN	   NaN	  
M	   20-­‐39	   36	   0.563	   0.577	   0.555	   0.559	   0.526	   0.541	   0.488	   0.509	   0.495	   0.539	  
M	   20-­‐39	   37	   0.535	   0.553	   0.517	   0.528	   0.470	   0.503	   0.407	   0.481	   0.488	   0.512	  
M	   20-­‐39	   38	   0.537	   0.554	   0.477	   0.500	   0.445	   0.496	   0.408	   0.519	   0.476	   0.493	  
M	   20-­‐39	   39	   0.533	   0.556	   0.508	   0.524	   0.459	   0.483	   0.411	   0.459	   0.477	   0.494	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M	   20-­‐39	   40	   0.503	   0.530	   0.499	   0.554	   0.433	   0.461	   0.393	   0.465	   0.469	   0.482	  
M	   20-­‐39	   41	   0.558	   0.577	   0.529	   0.548	   0.445	   0.471	   0.395	   0.443	   0.449	   0.440	  
M	   20-­‐39	   42	   0.513	   0.548	   0.487	   0.511	   0.440	   0.466	   0.399	   0.462	   0.472	   0.490	  
M	   20-­‐39	   43	   0.556	   0.565	   0.531	   0.542	   0.470	   0.503	   0.428	   0.538	   0.503	   0.528	  
M	   40-­‐60	   44	   0.482	   0.499	   0.467	   0.499	   0.439	   0.467	   0.396	   0.454	   0.448	   0.478	  
M	   40-­‐60	   45	   0.532	   0.554	   0.497	   0.546	   0.477	   0.501	   0.431	   0.469	   NaN	   NaN	  
M	   40-­‐60	   46	   0.516	   0.537	   0.475	   0.487	   0.460	   0.485	   0.415	   0.485	   0.493	   0.507	  
M	   40-­‐60	   47	   0.518	   0.536	   0.513	   0.527	   0.485	   0.498	   0.449	   0.494	   0.496	   0.509	  
M	   40-­‐60	   48	   0.496	   0.514	   0.517	   0.533	   0.459	   0.491	   0.427	   0.481	   0.473	   0.487	  
M	   40-­‐60	   49	   0.511	   0.539	   0.478	   0.504	   0.419	   0.457	   0.383	   0.459	   0.447	   0.481	  
M	   65+	   50	   0.523	   0.565	   0.508	   0.546	   0.434	   0.466	   0.381	   0.447	   0.498	   0.514	  
M	   65+	   51	   0.541	   0.585	   0.515	   0.530	   0.476	   0.494	   0.455	   0.498	   0.538	   0.542	  
M	   65+	   52	   0.483	   0.497	   0.487	   0.502	   0.468	   0.489	   0.450	   0.500	   0.488	   0.524	  
M	   65+	   53	   0.535	   0.548	   0.491	   0.504	   0.434	   0.464	   0.376	   0.433	   0.462	   0.503	  
M	   65+	   54	   0.544	   0.551	   0.483	   0.505	   0.444	   0.474	   0.421	   0.475	   0.488	   0.511	  
M	   65+	   55	   0.547	   0.559	   0.508	   0.525	   0.508	   0.537	   0.516	   0.540	   0.507	   0.533	  
M	   65+	   56	   0.489	   0.505	   0.494	   0.507	   0.444	   0.457	   0.425	   0.458	   NaN	   NaN	  
M	   65+	   57	   0.532	   0.552	   0.502	   0.511	   0.467	   0.490	   0.444	   0.485	   0.472	   0.488	  
M	   65+	   58	   0.536	   0.562	   0.550	   0.560	   0.535	   0.543	   0.528	   0.542	   0.540	   0.552	  
M	   65+	   59	   0.543	   0.555	   0.521	   0.530	   0.495	   0.513	   0.457	   0.513	   0.477	   0.492	  
M	   65+	   60	   0.555	   0.559	   0.522	   0.540	   0.463	   0.486	   0.420	   0.473	   0.492	   0.506	  
Gender	   Groups	   Subjects	   W2	   W2S	   N2	   N2S	   N22	   N22S	   N23	   N23S	   R2	   R2S	  
F	   20-­‐39	   1	   0.514	   0.564	   0.500	   0.506	   0.442	   0.463	   0.403	   0.444	   0.504	   0.519	  
F	   20-­‐39	   2	   0.515	   0.557	   0.484	   0.514	   0.439	   0.452	   0.394	   0.426	   0.468	   0.487	  
F	   20-­‐39	   3	   0.548	   0.566	   0.503	   0.533	   0.477	   0.492	   0.423	   0.527	   0.471	   0.493	  
F	   20-­‐39	   4	   0.524	   0.569	   0.463	   0.491	   0.448	   0.471	   0.414	   0.445	   0.462	   0.494	  
F	   20-­‐39	   5	   NaN	   NaN	   0.486	   0.504	   0.457	   0.471	   0.430	   0.459	   0.482	   0.502	  
F	   40-­‐60	   6	   0.518	   0.564	   0.462	   0.478	   0.409	   0.438	   0.379	   0.459	   0.455	   0.493	  
F	   40-­‐60	   7	   0.560	   0.567	   0.560	   0.562	   0.478	   0.484	   0.444	   0.481	   0.484	   0.494	  
F	   40-­‐60	   8	   NaN	   NaN	   0.503	   0.508	   0.471	   0.480	   0.428	   0.469	   0.500	   0.518	  
F	   40-­‐60	   9	   0.502	   0.516	   0.491	   0.508	   0.458	   0.472	   0.427	   0.460	   0.498	   0.508	  
F	   40-­‐60	   10	   0.521	   0.540	   0.505	   0.513	   0.493	   0.507	   0.486	   0.531	   0.495	   0.515	  
F	   40-­‐60	   11	   0.480	   0.524	   0.474	   0.479	   0.436	   0.453	   0.404	   0.433	   0.473	   0.484	  
F	   40-­‐60	   12	   NaN	   NaN	   0.518	   0.553	   0.473	   0.496	   0.465	   0.509	   0.504	   0.529	  
F	   40-­‐60	   13	   0.511	   0.548	   0.480	   0.506	   0.446	   0.474	   0.474	   0.496	   0.498	   0.508	  
F	   40-­‐60	   14	   0.489	   0.517	   0.511	   0.523	   0.463	   0.490	   0.449	   0.488	   0.503	   0.518	  
F	   40-­‐60	   15	   0.553	   0.576	   0.545	   0.554	   0.506	   0.521	   0.474	   0.503	   0.536	   0.548	  
F	   40-­‐60	   16	   0.490	   0.633	   0.463	   0.491	   0.446	   0.461	   0.421	   0.469	   0.487	   0.499	  
F	   40-­‐60	   17	   0.468	   0.504	   0.439	   0.465	   0.423	   0.461	   0.375	   0.445	   0.453	   0.485	  
F	   65+	   18	   0.539	   0.549	   0.516	   0.532	   0.436	   0.456	   0.404	   0.434	   0.472	   0.504	  
F	   65+	   19	   0.510	   0.528	   0.501	   0.517	   0.477	   0.492	   0.471	   0.493	   0.501	   0.509	  
F	   65+	   20	   NaN	   NaN	   0.546	   0.551	   0.524	   0.546	   0.513	   0.555	   0.519	   0.536	  
F	   65+	   21	   0.505	   0.536	   0.492	   0.522	   0.468	   0.491	   0.443	   0.487	   0.519	   0.534	  
F	   65+	   22	   0.506	   0.548	   0.492	   0.522	   0.463	   0.486	   0.434	   0.524	   0.490	   0.513	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F	   65+	   23	   0.512	   0.538	   0.528	   0.562	   0.449	   0.478	   0.426	   0.476	   0.463	   0.494	  
F	   65+	   24	   0.516	   0.536	   0.461	   0.489	   0.428	   0.479	   0.413	   0.476	   0.451	   0.465	  
F	   65+	   25	   0.503	   0.528	   0.476	   0.480	   0.440	   0.467	   0.428	   0.454	   0.478	   0.497	  
F	   65+	   26	   0.523	   0.533	   0.518	   0.527	   0.510	   0.525	   NaN	   NaN	   0.528	   0.540	  
F	   65+	   27	   0.508	   0.518	   0.485	   0.500	   0.462	   0.477	   0.432	   0.478	   0.467	   0.482	  
F	   65+	   28	   0.509	   0.537	   0.463	   0.492	   0.452	   0.485	   0.460	   0.500	   0.440	   0.473	  
F	   65+	   29	   0.506	   0.531	   0.477	   0.522	   0.451	   0.469	   0.417	   0.474	   0.473	   0.489	  
M	   20-­‐39	   30	   0.521	   0.567	   0.490	   0.512	   0.451	   0.470	   0.423	   0.459	   0.484	   0.522	  
M	   20-­‐39	   31	   0.523	   0.555	   0.474	   0.512	   0.435	   0.455	   0.403	   0.457	   0.459	   0.500	  
M	   20-­‐39	   32	   0.554	   0.567	   0.499	   0.502	   0.492	   0.515	   0.481	   0.505	   0.497	   0.533	  
M	   20-­‐39	   33	   0.550	   0.567	   0.497	   0.481	   0.492	   0.496	   0.453	   0.484	   0.480	   0.487	  
M	   20-­‐39	   34	   0.544	   0.576	   0.483	   0.502	   0.438	   0.457	   0.412	   0.488	   0.475	   0.501	  
M	   20-­‐39	   35	   0.526	   0.662	   0.474	   0.527	   0.453	   0.476	   0.423	   0.486	   0.480	   0.501	  
M	   20-­‐39	   36	   0.568	   0.578	   0.550	   0.560	   0.502	   0.515	   0.465	   0.490	   0.503	   0.516	  
M	   20-­‐39	   37	   0.547	   0.578	   0.503	   0.527	   0.481	   0.506	   0.450	   0.501	   0.506	   0.561	  
M	   20-­‐39	   38	   0.554	   0.585	   0.540	   0.569	   0.511	   0.531	   0.523	   0.559	   0.509	   0.526	  
M	   20-­‐39	   39	   NaN	   NaN	   0.471	   0.494	   0.474	   0.502	   0.460	   0.503	   0.487	   0.523	  
M	   20-­‐39	   40	   0.536	   0.560	   0.480	   0.562	   0.427	   0.453	   0.408	   0.460	   0.473	   0.510	  
M	   20-­‐39	   41	   0.524	   0.564	   0.474	   0.531	   0.430	   0.457	   0.390	   0.442	   0.461	   0.480	  
M	   20-­‐39	   42	   0.520	   0.540	   0.501	   0.543	   0.452	   0.480	   0.412	   0.454	   0.478	   0.502	  
M	   20-­‐39	   43	   0.551	   0.575	   0.509	   0.553	   0.476	   0.510	   0.471	   0.541	   0.517	   0.546	  
M	   40-­‐60	   44	   NaN	   NaN	   0.456	   0.468	   0.447	   0.458	   0.426	   0.464	   0.464	   0.482	  
M	   40-­‐60	   45	   0.539	   0.607	   0.499	   0.502	   0.463	   0.486	   0.425	   0.468	   0.495	   0.514	  
M	   40-­‐60	   46	   0.509	   0.548	   0.482	   0.498	   0.441	   0.468	   0.413	   0.495	   0.489	   0.524	  
M	   40-­‐60	   47	   0.520	   0.543	   0.499	   0.513	   0.505	   0.522	   0.491	   0.517	   0.493	   0.512	  
M	   40-­‐60	   48	   0.496	   0.538	   0.478	   0.515	   0.458	   0.487	   0.432	   0.492	   0.483	   0.506	  
M	   40-­‐60	   49	   0.498	   0.550	   0.439	   0.474	   0.422	   0.452	   0.422	   0.462	   0.459	   0.475	  
M	   65+	   50	   0.559	   0.560	   0.495	   0.546	   0.438	   0.465	   0.392	   0.461	   0.483	   0.499	  
M	   65+	   51	   0.555	   0.562	   0.532	   0.538	   0.487	   0.499	   NaN	   NaN	   0.549	   0.558	  
M	   65+	   52	   0.480	   0.503	   0.473	   0.489	   0.462	   0.488	   0.430	   0.467	   0.497	   0.507	  
M	   65+	   53	   0.500	   0.555	   0.464	   0.585	   0.442	   0.475	   0.408	   0.450	   0.493	   0.523	  
M	   65+	   54	   0.539	   0.548	   0.487	   0.504	   0.438	   0.473	   0.428	   0.489	   0.494	   0.507	  
M	   65+	   55	   0.521	   0.553	   0.529	   0.547	   0.531	   0.549	   NaN	   NaN	   0.511	   0.536	  
M	   65+	   56	   0.499	   0.525	   0.482	   0.508	   0.453	   0.470	   0.428	   0.471	   0.483	   0.488	  
M	   65+	   57	   0.533	   0.544	   0.534	   0.548	   0.457	   0.483	   NaN	   NaN	   0.500	   0.519	  
M	   65+	   58	   0.550	   0.567	   0.523	   0.545	   0.522	   0.545	   0.489	   0.544	   0.513	   0.540	  
M	   65+	   59	   0.542	   0.545	   0.503	   0.526	   0.496	   0.513	   0.490	   0.521	   0.498	   0.519	  
M	   65+	   60	   0.545	   0.551	   0.507	   0.519	   0.470	   0.494	   0.424	   0.467	   0.507	   0.526	  
Gender	   Groups	   Subjects	   W3	   W3S	   N3	   N3S	   N32	   N32S	   N33	   N33S	   R3	   R3S	  
F	   20-­‐39	   1	   0.500	   0.550	   0.498	   0.512	   0.445	   0.465	   0.395	   0.421	   0.502	   0.517	  
F	   20-­‐39	   2	   0.514	   0.565	   0.482	   0.509	   0.428	   0.439	   NaN	   NaN	   0.473	   0.491	  
F	   20-­‐39	   3	   0.536	   0.563	   0.503	   0.521	   0.489	   0.501	   0.482	   0.500	   0.480	   0.497	  
F	   20-­‐39	   4	   0.512	   0.577	   0.464	   0.512	   0.450	   0.487	   0.432	   0.492	   0.468	   0.509	  
F	   20-­‐39	   5	   0.557	   0.566	   0.513	   0.577	   0.453	   0.466	   0.463	   0.472	   0.486	   0.507	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F	   40-­‐60	   6	   0.526	   0.566	   0.479	   0.494	   0.419	   0.451	   0.376	   0.518	   0.453	   0.487	  
F	   40-­‐60	   7	   0.549	   0.566	   0.531	   0.544	   0.448	   0.470	   0.389	   0.437	   0.491	   0.523	  
F	   40-­‐60	   8	   0.490	   0.504	   0.501	   0.507	   0.469	   0.479	   0.443	   0.462	   0.500	   0.524	  
F	   40-­‐60	   9	   0.500	   0.516	   0.501	   0.510	   0.456	   0.469	   0.428	   0.448	   0.508	   0.528	  
F	   40-­‐60	   10	   0.510	   0.519	   0.506	   0.515	   0.494	   0.511	   0.511	   0.548	   0.507	   0.525	  
F	   40-­‐60	   11	   0.466	   0.499	   0.501	   0.512	   0.449	   0.459	   NaN	   NaN	   0.497	   0.505	  
F	   40-­‐60	   12	   0.522	   0.559	   0.496	   0.511	   0.478	   0.498	   0.483	   0.517	   0.504	   0.519	  
F	   40-­‐60	   13	   0.493	   0.537	   0.486	   0.495	   0.448	   0.465	   0.412	   0.441	   0.501	   0.522	  
F	   40-­‐60	   14	   0.533	   0.549	   0.507	   0.510	   0.474	   0.488	   0.482	   0.529	   0.508	   0.521	  
F	   40-­‐60	   15	   0.547	   0.571	   0.542	   0.559	   0.511	   0.522	   0.517	   0.537	   0.542	   0.562	  
F	   40-­‐60	   16	   0.505	   0.602	   0.486	   0.502	   0.449	   0.459	   0.425	   0.481	   0.493	   0.500	  
F	   40-­‐60	   17	   0.489	   0.543	   0.443	   0.462	   0.405	   0.447	   0.382	   0.439	   0.452	   0.467	  
F	   65+	   18	   0.506	   0.522	   0.503	   0.506	   0.467	   0.478	   0.458	   0.483	   0.498	   0.525	  
F	   65+	   19	   0.512	   0.543	   0.510	   0.533	   0.489	   0.506	   0.491	   0.528	   0.503	   0.511	  
F	   65+	   20	   0.542	   0.572	   0.508	   0.520	   0.510	   0.539	   0.511	   0.550	   0.520	   0.538	  
F	   65+	   21	   0.514	   0.563	   0.492	   0.527	   0.474	   0.502	   0.447	   0.509	   0.521	   0.532	  
F	   65+	   22	   0.526	   0.542	   0.498	   0.513	   0.469	   0.498	   0.444	   0.504	   0.482	   0.502	  
F	   65+	   23	   0.555	   0.567	   0.515	   0.544	   0.441	   0.468	   0.413	   0.456	   0.475	   0.504	  
F	   65+	   24	   0.530	   0.541	   0.473	   0.487	   0.448	   0.467	   NaN	   NaN	   0.470	   0.484	  
F	   65+	   25	   0.506	   0.519	   0.511	   0.522	   0.458	   0.467	   0.434	   0.445	   0.506	   0.512	  
F	   65+	   26	   0.536	   0.545	   0.532	   0.537	   0.503	   0.517	   0.464	   0.498	   0.539	   0.552	  
F	   65+	   27	   0.523	   0.543	   0.505	   0.519	   0.471	   0.484	   NaN	   NaN	   0.494	   0.504	  
F	   65+	   28	   0.519	   0.533	   0.488	   0.503	   0.470	   0.492	   0.495	   0.516	   0.448	   0.474	  
F	   65+	   29	   0.520	   0.539	   0.500	   0.532	   0.465	   0.498	   0.442	   0.496	   0.481	   0.497	  
M	   20-­‐39	   30	   0.529	   0.565	   0.490	   0.511	   0.467	   0.487	   0.423	   0.461	   0.489	   0.514	  
M	   20-­‐39	   31	   0.508	   0.551	   0.476	   0.552	   0.439	   0.473	   0.398	   0.442	   0.474	   0.508	  
M	   20-­‐39	   32	   0.551	   0.570	   0.514	   0.545	   0.490	   0.505	   0.457	   0.482	   0.501	   0.530	  
M	   20-­‐39	   33	   0.518	   0.547	   0.484	   0.514	   0.466	   0.474	   NaN	   NaN	   0.478	   0.487	  
M	   20-­‐39	   34	   0.518	   0.546	   0.480	   0.492	   0.454	   0.471	   0.420	   0.468	   0.487	   0.516	  
M	   20-­‐39	   35	   0.500	   0.559	   0.477	   0.498	   0.448	   0.479	   0.417	   0.456	   0.490	   0.525	  
M	   20-­‐39	   36	   0.545	   0.570	   0.502	   0.523	   0.490	   0.497	   0.423	   0.459	   0.502	   0.522	  
M	   20-­‐39	   37	   0.553	   0.565	   0.509	   0.527	   0.478	   0.502	   0.458	   0.494	   0.502	   0.519	  
M	   20-­‐39	   38	   0.564	   0.604	   0.538	   0.580	   0.513	   0.523	   0.521	   0.570	   0.514	   0.539	  
M	   20-­‐39	   39	   0.505	   0.525	   0.490	   0.501	   0.468	   0.487	   0.436	   0.437	   0.491	   0.527	  
M	   20-­‐39	   40	   0.513	   0.542	   0.520	   0.546	   0.442	   0.469	   0.431	   0.484	   0.494	   0.514	  
M	   20-­‐39	   41	   0.505	   0.600	   0.477	   0.543	   0.428	   0.446	   0.404	   0.433	   0.465	   0.494	  
M	   20-­‐39	   42	   0.502	   0.524	   0.500	   0.526	   0.468	   0.478	   NaN	   NaN	   0.491	   0.509	  
M	   20-­‐39	   43	   0.557	   0.571	   0.512	   0.537	   0.470	   0.491	   0.434	   0.519	   0.509	   0.540	  
M	   40-­‐60	   44	   0.486	   0.535	   0.475	   0.487	   0.462	   0.480	   0.430	   0.460	   0.487	   0.515	  
M	   40-­‐60	   45	   0.528	   0.550	   0.504	   0.534	   0.467	   0.484	   0.429	   0.451	   0.497	   0.511	  
M	   40-­‐60	   46	   0.517	   0.535	   0.482	   0.490	   0.453	   0.473	   0.422	   0.481	   0.493	   0.510	  
M	   40-­‐60	   47	   0.507	   0.525	   0.509	   0.516	   0.482	   0.499	   NaN	   NaN	   0.507	   0.532	  
M	   40-­‐60	   48	   0.493	   0.513	   0.510	   0.537	   0.466	   0.494	   NaN	   NaN	   0.491	   0.523	  
M	   40-­‐60	   49	   0.486	   0.519	   0.470	   0.496	   0.440	   0.462	   0.452	   0.516	   0.463	   0.491	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M	   65+	   50	   0.522	   0.542	   0.497	   0.507	   0.458	   0.477	   0.403	   0.472	   0.496	   0.508	  
M	   65+	   51	   0.560	   0.587	   0.536	   0.541	   0.489	   0.503	   NaN	   NaN	   0.545	   0.552	  
M	   65+	   52	   0.500	   0.512	   0.489	   0.494	   0.463	   0.482	   0.442	   0.487	   0.491	   0.494	  
M	   65+	   53	   0.541	   0.590	   0.489	   0.503	   0.439	   0.459	   0.393	   0.425	   0.481	   0.524	  
M	   65+	   54	   0.533	   0.553	   0.500	   0.515	   0.446	   0.466	   NaN	   NaN	   0.493	   0.505	  
M	   65+	   55	   0.531	   0.563	   0.532	   0.563	   0.526	   0.561	   NaN	   NaN	   0.513	   0.558	  
M	   65+	   56	   0.503	   0.520	   0.479	   0.481	   0.456	   0.468	   0.433	   0.484	   0.491	   0.500	  
M	   65+	   57	   0.490	   0.504	   0.500	   0.516	   0.465	   0.489	   0.429	   0.470	   0.489	   0.504	  
M	   65+	   58	   0.542	   0.561	   0.514	   0.532	   0.488	   0.517	   0.484	   0.530	   0.518	   0.550	  
M	   65+	   59	   0.560	   0.570	   0.523	   0.535	   0.503	   0.517	   NaN	   NaN	   0.489	   0.502	  
M	   65+	   60	   0.514	   0.529	   0.506	   0.514	   0.473	   0.496	   0.448	   0.482	   0.511	   0.529	  
	  
Appendix	  10.	  Averaged	  PE	  (m	  =	  6,	  τ	  =	  1)	  of	  all	  60	  subjects	  in	  different	  VS.	  PE	  values	  were	  averaged	  into	  
thirds	  (1-­‐3)	  of	  the	  whole	  night	  and	  grouped	  into	  5	  different	  VS.	  VS	  were	  denoted	  as;	  W:	  wakefulness,	  N1:	  
NREM	  sleep	  stage	  1,	  N2:	  NREM	  sleep	  stage	  2,	  N3:	  NREM	  sleep	  stage	  3,	  R:	  REM	  sleep.	  Age	  groups	  were	  
20-­‐39	  for	  young,	  40-­‐60	  for	  middle	  and	  65=	  for	  old	  subjects.	  Gender	  was	  abbreviated	  as;	  F:	  females	  and	  
M:	  males.	  Complexity	  values	  obtained	  from	  O1	  were	  tabulated.	  
Gender	   Groups	   Subjects	   W1	   W1S	   N1	   N1S	   N2	   N2S	   N3	   N3S	   R1	   R1S	  
F	   20-­‐39	   1	   0.461	   0.477	   0.491	   0.493	   0.446	   0.457	   0.428	   0.468	   0.478	   0.497	  
F	   20-­‐39	   2	   0.496	   0.512	   0.484	   0.504	   0.430	   0.456	   0.403	   0.443	   0.434	   0.437	  
F	   20-­‐39	   3	   0.536	   0.559	   0.519	   0.538	   0.471	   0.490	   0.424	   0.457	   0.477	   0.502	  
F	   20-­‐39	   4	   0.516	   0.527	   0.479	   0.483	   0.436	   0.462	   0.407	   0.468	   0.442	   0.459	  
F	   20-­‐39	   5	   0.546	   0.564	   0.523	   0.533	   0.465	   0.480	   0.447	   0.472	   0.475	   0.509	  
F	   40-­‐60	   6	   0.497	   0.520	   0.497	   0.513	   0.430	   0.453	   0.388	   0.437	   0.438	   0.457	  
F	   40-­‐60	   7	   0.529	   0.544	   0.530	   0.533	   0.488	   0.500	   0.442	   0.467	   NaN	   NaN	  
F	   40-­‐60	   8	   0.514	   0.532	   0.515	   0.525	   0.500	   0.516	   0.469	   0.491	   0.484	   0.501	  
F	   40-­‐60	   9	   0.480	   0.494	   0.465	   0.468	   0.451	   0.477	   0.418	   0.460	   0.477	   0.500	  
F	   40-­‐60	   10	   0.515	   0.527	   0.525	   0.525	   0.492	   0.503	   0.476	   0.503	   0.479	   0.479	  
F	   40-­‐60	   11	   0.529	   0.538	   0.492	   0.511	   0.430	   0.452	   0.408	   0.447	   0.470	   0.474	  
F	   40-­‐60	   12	   0.493	   0.513	   0.508	   0.528	   0.475	   0.493	   0.473	   0.498	   0.505	   0.517	  
F	   40-­‐60	   13	   0.490	   0.508	   0.489	   0.510	   0.462	   0.473	   0.432	   0.469	   0.501	   0.510	  
F	   40-­‐60	   14	   0.532	   0.557	   0.512	   0.528	   0.495	   0.510	   0.475	   0.505	   0.518	   0.549	  
F	   40-­‐60	   15	   0.527	   0.545	   0.510	   0.519	   0.477	   0.482	   0.470	   0.487	   0.507	   0.511	  
F	   40-­‐60	   16	   0.508	   0.530	   0.483	   0.490	   0.446	   0.468	   0.422	   0.454	   0.453	   0.456	  
F	   40-­‐60	   17	   0.482	   0.499	   0.473	   0.492	   0.438	   0.468	   0.426	   0.481	   0.466	   0.482	  
F	   65+	   18	   0.544	   0.558	   0.523	   0.523	   0.450	   0.461	   0.417	   0.447	   0.451	   0.453	  
F	   65+	   19	   0.499	   0.520	   0.508	   0.513	   0.486	   0.497	   0.474	   0.487	   0.501	   0.507	  
F	   65+	   20	   0.555	   0.574	   0.544	   0.568	   0.528	   0.562	   0.525	   0.552	   0.520	   0.542	  
F	   65+	   21	   0.479	   0.507	   0.481	   0.512	   0.459	   0.485	   0.437	   0.474	   0.497	   0.511	  
F	   65+	   22	   0.518	   0.549	   0.502	   0.558	   0.484	   0.509	   0.463	   0.510	   0.484	   0.499	  
F	   65+	   23	   0.542	   0.589	   0.516	   0.555	   0.449	   0.478	   0.435	   0.494	   0.455	   0.487	  
F	   65+	   24	   0.547	   0.572	   0.481	   0.505	   0.447	   0.478	   0.431	   0.483	   0.471	   0.494	  
F	   65+	   25	   0.537	   0.536	   0.523	   0.527	   0.472	   0.494	   0.442	   0.474	   0.496	   0.511	  
F	   65+	   26	   0.534	   0.545	   0.526	   0.534	   0.490	   0.507	   0.461	   0.478	   0.516	   0.511	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F	   65+	   27	   0.490	   0.505	   0.539	   0.543	   0.462	   0.481	   0.429	   0.469	   0.456	   0.466	  
F	   65+	   28	   0.508	   0.524	   0.496	   0.519	   0.484	   0.501	   0.488	   0.512	   0.456	   0.497	  
F	   65+	   29	   0.526	   0.559	   0.505	   0.529	   0.465	   0.494	   0.436	   0.484	   0.470	   0.471	  
M	   20-­‐39	   30	   0.484	   0.532	   0.493	   0.512	   0.453	   0.501	   0.419	   0.517	   0.464	   0.496	  
M	   20-­‐39	   31	   0.500	   0.507	   0.498	   0.518	   0.430	   0.458	   0.423	   0.499	   0.466	   0.510	  
M	   20-­‐39	   32	   0.545	   0.559	   0.537	   0.555	   0.490	   0.519	   0.471	   0.507	   0.486	   0.517	  
M	   20-­‐39	   33	   0.526	   0.540	   0.475	   0.466	   0.465	   0.462	   0.432	   0.471	   0.453	   0.447	  
M	   20-­‐39	   34	   0.522	   0.538	   0.468	   0.483	   0.433	   0.458	   0.414	   0.474	   0.460	   0.491	  
M	   20-­‐39	   35	   0.500	   0.521	   0.466	   0.491	   0.445	   0.470	   0.422	   0.455	   NaN	   NaN	  
M	   20-­‐39	   36	   0.565	   0.573	   0.559	   0.562	   0.541	   0.555	   0.530	   0.552	   0.490	   0.516	  
M	   20-­‐39	   37	   0.518	   0.532	   0.502	   0.511	   0.469	   0.498	   0.424	   0.488	   0.482	   0.500	  
M	   20-­‐39	   38	   0.540	   0.553	   0.499	   0.534	   0.461	   0.527	   0.435	   0.553	   0.486	   0.506	  
M	   20-­‐39	   39	   0.510	   0.548	   0.479	   0.499	   0.470	   0.486	   0.432	   0.468	   0.456	   0.468	  
M	   20-­‐39	   40	   0.479	   0.503	   0.507	   0.548	   0.447	   0.469	   0.426	   0.486	   0.464	   0.468	  
M	   20-­‐39	   41	   0.540	   0.547	   0.508	   0.518	   0.456	   0.471	   0.422	   0.461	   0.446	   0.476	  
M	   20-­‐39	   42	   0.482	   0.531	   0.487	   0.523	   0.450	   0.472	   0.425	   0.471	   0.457	   0.484	  
M	   20-­‐39	   43	   0.545	   0.557	   0.512	   0.526	   0.467	   0.510	   0.440	   0.542	   0.499	   0.520	  
M	   40-­‐60	   44	   0.481	   0.500	   0.485	   0.500	   0.455	   0.478	   0.431	   0.478	   0.455	   0.474	  
M	   40-­‐60	   45	   0.527	   0.557	   0.488	   0.541	   0.484	   0.512	   0.453	   0.502	   NaN	   NaN	  
M	   40-­‐60	   46	   0.518	   0.546	   0.473	   0.488	   0.453	   0.480	   0.415	   0.492	   0.487	   0.494	  
M	   40-­‐60	   47	   0.536	   0.545	   0.525	   0.532	   0.494	   0.507	   0.461	   0.500	   0.495	   0.510	  
M	   40-­‐60	   48	   0.492	   0.517	   0.527	   0.529	   0.462	   0.483	   0.439	   0.472	   0.472	   0.480	  
M	   40-­‐60	   49	   0.460	   0.482	   0.477	   0.499	   0.421	   0.463	   0.393	   0.462	   0.431	   0.464	  
M	   65+	   50	   0.502	   0.545	   0.508	   0.557	   0.441	   0.491	   0.413	   0.510	   0.499	   0.522	  
M	   65+	   51	   0.538	   0.587	   0.509	   0.529	   0.476	   0.492	   0.462	   0.494	   0.540	   0.537	  
M	   65+	   52	   0.504	   0.515	   0.495	   0.506	   0.477	   0.492	   0.461	   0.485	   0.478	   0.533	  
M	   65+	   53	   0.536	   0.555	   0.527	   0.529	   0.447	   0.481	   0.403	   0.449	   0.460	   0.501	  
M	   65+	   54	   0.555	   0.578	   0.485	   0.518	   0.455	   0.486	   0.434	   0.475	   0.492	   0.513	  
M	   65+	   55	   0.547	   0.563	   0.510	   0.540	   0.512	   0.539	   0.523	   0.543	   0.509	   0.540	  
M	   65+	   56	   0.492	   0.506	   0.500	   0.510	   0.441	   0.464	   0.424	   0.473	   NaN	   NaN	  
M	   65+	   57	   0.533	   0.551	   0.502	   0.514	   0.471	   0.490	   0.454	   0.500	   0.455	   0.469	  
M	   65+	   58	   0.548	   0.562	   0.561	   0.561	   0.553	   0.550	   0.553	   0.551	   0.554	   0.556	  
M	   65+	   59	   0.550	   0.560	   0.536	   0.538	   0.508	   0.514	   0.468	   0.503	   0.469	   0.489	  
M	   65+	   60	   0.558	   0.567	   0.512	   0.523	   0.439	   0.469	   0.412	   0.458	   0.474	   0.491	  
Gender	   Groups	   Subjects	   W2	   W2S	   N2	   N2S	   N22	   N22S	   N23	   N23S	   R2	   R2S	  
F	   20-­‐39	   1	   0.490	   0.598	   0.494	   0.507	   0.450	   0.466	   0.426	   0.471	   0.490	   0.502	  
F	   20-­‐39	   2	   0.485	   0.572	   0.464	   0.506	   0.439	   0.456	   0.411	   0.438	   0.442	   0.456	  
F	   20-­‐39	   3	   0.541	   0.570	   0.499	   0.535	   0.480	   0.493	   0.430	   0.486	   0.474	   0.489	  
F	   20-­‐39	   4	   0.507	   0.574	   0.452	   0.507	   0.444	   0.471	   0.417	   0.467	   0.452	   0.474	  
F	   20-­‐39	   5	   NaN	   NaN	   0.479	   0.491	   0.464	   0.488	   0.443	   0.470	   0.471	   0.517	  
F	   40-­‐60	   6	   0.505	   0.559	   0.450	   0.467	   0.414	   0.446	   0.395	   0.449	   0.437	   0.470	  
F	   40-­‐60	   7	   0.544	   0.552	   0.557	   0.562	   0.470	   0.481	   0.447	   0.484	   0.470	   0.478	  
F	   40-­‐60	   8	   NaN	   NaN	   0.479	   0.488	   0.463	   0.481	   0.442	   0.471	   0.486	   0.506	  
F	   40-­‐60	   9	   0.498	   0.536	   0.485	   0.512	   0.455	   0.474	   0.432	   0.478	   0.485	   0.502	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F	   40-­‐60	   10	   0.501	   0.528	   0.505	   0.513	   0.499	   0.515	   0.499	   0.530	   0.485	   0.501	  
F	   40-­‐60	   11	   0.464	   0.512	   0.453	   0.471	   0.436	   0.452	   0.416	   0.425	   0.451	   0.455	  
F	   40-­‐60	   12	   NaN	   NaN	   0.514	   0.544	   0.472	   0.493	   0.473	   0.497	   0.503	   0.524	  
F	   40-­‐60	   13	   0.518	   0.556	   0.489	   0.512	   0.466	   0.487	   0.503	   0.528	   0.499	   0.503	  
F	   40-­‐60	   14	   0.517	   0.522	   0.508	   0.540	   0.497	   0.526	   0.507	   0.530	   0.506	   0.515	  
F	   40-­‐60	   15	   0.542	   0.566	   0.523	   0.526	   0.492	   0.500	   0.478	   0.493	   0.521	   0.527	  
F	   40-­‐60	   16	   0.490	   0.645	   0.458	   0.475	   0.455	   0.472	   0.438	   0.485	   0.475	   0.482	  
F	   40-­‐60	   17	   0.451	   0.483	   0.465	   0.495	   0.447	   0.488	   0.418	   0.481	   0.465	   0.489	  
F	   65+	   18	   0.545	   0.549	   0.517	   0.528	   0.441	   0.458	   0.418	   0.452	   0.452	   0.484	  
F	   65+	   19	   0.510	   0.534	   0.497	   0.527	   0.481	   0.493	   0.484	   0.509	   0.504	   0.513	  
F	   65+	   20	   NaN	   NaN	   0.540	   0.546	   0.526	   0.550	   0.530	   0.556	   0.526	   0.541	  
F	   65+	   21	   0.499	   0.536	   0.483	   0.540	   0.454	   0.483	   0.438	   0.477	   0.501	   0.517	  
F	   65+	   22	   0.507	   0.533	   0.496	   0.539	   0.475	   0.501	   0.461	   0.531	   0.505	   0.516	  
F	   65+	   23	   0.520	   0.595	   0.527	   0.608	   0.462	   0.497	   0.448	   0.498	   0.462	   0.484	  
F	   65+	   24	   0.519	   0.557	   0.471	   0.510	   0.456	   0.504	   0.453	   0.502	   0.460	   0.474	  
F	   65+	   25	   0.489	   0.512	   0.487	   0.488	   0.452	   0.477	   0.450	   0.468	   0.472	   0.494	  
F	   65+	   26	   0.507	   0.521	   0.509	   0.510	   0.503	   0.521	   NaN	   NaN	   0.522	   0.529	  
F	   65+	   27	   0.512	   0.519	   0.497	   0.513	   0.468	   0.483	   0.446	   0.483	   0.462	   0.483	  
F	   65+	   28	   0.490	   0.517	   0.459	   0.500	   0.457	   0.489	   0.462	   0.496	   0.435	   0.469	  
F	   65+	   29	   0.477	   0.508	   0.471	   0.508	   0.456	   0.475	   0.435	   0.486	   0.469	   0.481	  
M	   20-­‐39	   30	   0.502	   0.549	   0.479	   0.518	   0.455	   0.507	   0.427	   0.562	   0.474	   0.504	  
M	   20-­‐39	   31	   0.504	   0.540	   0.472	   0.491	   0.453	   0.474	   0.423	   0.477	   0.441	   0.500	  
M	   20-­‐39	   32	   0.552	   0.595	   0.503	   0.515	   0.504	   0.523	   0.491	   0.520	   0.503	   0.574	  
M	   20-­‐39	   33	   0.540	   0.559	   0.498	   0.470	   0.503	   0.494	   0.469	   0.485	   0.480	   0.462	  
M	   20-­‐39	   34	   0.536	   0.579	   0.477	   0.506	   0.440	   0.465	   0.422	   0.479	   0.460	   0.485	  
M	   20-­‐39	   35	   0.495	   0.463	   0.470	   0.529	   0.458	   0.479	   0.432	   0.478	   0.458	   0.478	  
M	   20-­‐39	   36	   0.569	   0.583	   0.559	   0.562	   0.515	   0.531	   0.492	   0.527	   0.498	   0.507	  
M	   20-­‐39	   37	   0.490	   0.516	   0.488	   0.512	   0.474	   0.494	   0.465	   0.502	   0.492	   0.540	  
M	   20-­‐39	   38	   0.557	   0.580	   0.551	   0.604	   0.520	   0.551	   0.504	   0.717	   0.514	   0.526	  
M	   20-­‐39	   39	   NaN	   NaN	   0.448	   0.459	   0.480	   0.504	   0.471	   0.509	   0.461	   0.502	  
M	   20-­‐39	   40	   0.532	   0.577	   0.487	   0.595	   0.443	   0.468	   0.432	   0.455	   0.461	   0.486	  
M	   20-­‐39	   41	   0.506	   0.539	   0.472	   0.493	   0.443	   0.461	   0.420	   0.450	   0.461	   0.475	  
M	   20-­‐39	   42	   0.498	   0.519	   0.493	   0.560	   0.457	   0.480	   0.426	   0.461	   0.464	   0.505	  
M	   20-­‐39	   43	   0.542	   0.589	   0.504	   0.529	   0.481	   0.512	   0.474	   0.543	   0.515	   0.551	  
M	   40-­‐60	   44	   NaN	   NaN	   0.463	   0.476	   0.464	   0.478	   0.456	   0.486	   0.465	   0.484	  
M	   40-­‐60	   45	   0.536	   0.621	   0.509	   0.524	   0.470	   0.509	   0.444	   0.507	   0.477	   0.492	  
M	   40-­‐60	   46	   0.512	   0.543	   0.482	   0.504	   0.444	   0.474	   0.417	   0.475	   0.490	   0.512	  
M	   40-­‐60	   47	   0.534	   0.552	   0.516	   0.532	   0.516	   0.526	   0.505	   0.529	   0.496	   0.515	  
M	   40-­‐60	   48	   0.501	   0.549	   0.488	   0.522	   0.467	   0.496	   0.445	   0.485	   0.491	   0.504	  
M	   40-­‐60	   49	   0.438	   0.497	   0.429	   0.470	   0.416	   0.484	   0.432	   0.478	   0.432	   0.487	  
M	   65+	   50	   0.553	   0.649	   0.500	   0.567	   0.450	   0.489	   0.424	   0.476	   0.486	   0.496	  
M	   65+	   51	   0.551	   0.558	   0.529	   0.534	   0.487	   0.499	   NaN	   NaN	   0.542	   0.551	  
M	   65+	   52	   0.493	   0.531	   0.477	   0.496	   0.466	   0.488	   0.439	   0.502	   0.490	   0.506	  
M	   65+	   53	   0.506	   0.553	   0.462	   0.559	   0.452	   0.487	   0.436	   0.476	   0.494	   0.528	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M	   65+	   54	   0.543	   0.566	   0.488	   0.518	   0.442	   0.516	   0.440	   0.514	   0.491	   0.505	  
M	   65+	   55	   0.520	   0.562	   0.535	   0.571	   0.538	   0.559	   NaN	   NaN	   0.512	   0.541	  
M	   65+	   56	   0.499	   0.535	   0.477	   0.492	   0.451	   0.474	   0.436	   0.499	   0.474	   0.478	  
M	   65+	   57	   0.526	   0.537	   0.523	   0.539	   0.457	   0.474	   NaN	   NaN	   0.498	   0.517	  
M	   65+	   58	   0.559	   0.567	   0.541	   0.549	   0.546	   0.551	   0.525	   0.539	   0.527	   0.546	  
M	   65+	   59	   0.550	   0.554	   0.512	   0.542	   0.508	   0.516	   0.498	   0.515	   0.494	   0.512	  
M	   65+	   60	   0.552	   0.557	   0.495	   0.502	   0.449	   0.478	   0.418	   0.459	   0.494	   0.518	  
Gender	   Groups	   Subjects	   W3	   W3S	   N3	   N3S	   N32	   N32S	   N33	   N33S	   R3	   R3S	  
F	   20-­‐39	   1	   0.479	   0.558	   0.482	   0.503	   0.449	   0.466	   0.413	   0.433	   0.485	   0.496	  
F	   20-­‐39	   2	   0.487	   0.553	   0.456	   0.486	   0.434	   0.452	   NaN	   NaN	   0.453	   0.469	  
F	   20-­‐39	   3	   0.518	   0.559	   0.497	   0.545	   0.492	   0.514	   0.484	   0.495	   0.487	   0.507	  
F	   20-­‐39	   4	   0.499	   0.575	   0.455	   0.501	   0.441	   0.476	   0.432	   0.476	   0.459	   0.488	  
F	   20-­‐39	   5	   0.543	   0.643	   0.501	   0.600	   0.453	   0.471	   0.470	   0.496	   0.471	   0.507	  
F	   40-­‐60	   6	   0.493	   0.558	   0.465	   0.488	   0.414	   0.438	   0.387	   0.463	   0.439	   0.469	  
F	   40-­‐60	   7	   0.525	   0.537	   0.504	   0.520	   0.442	   0.459	   0.400	   0.442	   0.479	   0.500	  
F	   40-­‐60	   8	   0.457	   0.475	   0.491	   0.493	   0.472	   0.485	   0.458	   0.481	   0.483	   0.511	  
F	   40-­‐60	   9	   0.491	   0.509	   0.494	   0.505	   0.452	   0.478	   0.433	   0.465	   0.500	   0.527	  
F	   40-­‐60	   10	   0.498	   0.508	   0.500	   0.504	   0.492	   0.505	   0.518	   0.535	   0.501	   0.520	  
F	   40-­‐60	   11	   0.451	   0.479	   0.490	   0.509	   0.449	   0.460	   NaN	   NaN	   0.479	   0.487	  
F	   40-­‐60	   12	   0.519	   0.552	   0.489	   0.504	   0.477	   0.494	   0.484	   0.503	   0.502	   0.510	  
F	   40-­‐60	   13	   0.486	   0.518	   0.488	   0.502	   0.466	   0.480	   0.451	   0.467	   0.504	   0.521	  
F	   40-­‐60	   14	   0.544	   0.565	   0.537	   0.555	   0.557	   0.568	   0.501	   0.551	   0.570	   0.576	  
F	   40-­‐60	   15	   0.536	   0.568	   0.517	   0.523	   0.494	   0.497	   0.510	   0.523	   0.523	   0.538	  
F	   40-­‐60	   16	   0.502	   0.584	   0.478	   0.482	   0.450	   0.463	   0.446	   0.470	   0.479	   0.481	  
F	   40-­‐60	   17	   0.462	   0.598	   0.461	   0.484	   0.435	   0.483	   0.424	   0.485	   0.466	   0.492	  
F	   65+	   18	   0.521	   0.541	   0.481	   0.471	   0.466	   0.475	   0.471	   0.496	   0.480	   0.492	  
F	   65+	   19	   0.509	   0.553	   0.502	   0.526	   0.487	   0.504	   0.490	   0.521	   0.507	   0.516	  
F	   65+	   20	   0.529	   0.563	   0.502	   0.507	   0.516	   0.543	   0.527	   0.562	   0.521	   0.536	  
F	   65+	   21	   0.514	   0.568	   0.476	   0.507	   0.459	   0.490	   0.443	   0.492	   0.495	   0.512	  
F	   65+	   22	   0.531	   0.544	   0.508	   0.518	   0.480	   0.503	   0.467	   0.509	   0.492	   0.516	  
F	   65+	   23	   0.559	   0.609	   0.519	   0.560	   0.447	   0.474	   0.431	   0.489	   0.469	   0.498	  
F	   65+	   24	   0.532	   0.556	   0.481	   0.517	   0.463	   0.490	   NaN	   NaN	   0.477	   0.480	  
F	   65+	   25	   0.507	   0.537	   0.522	   0.534	   0.461	   0.475	   0.447	   0.466	   0.497	   0.508	  
F	   65+	   26	   0.534	   0.544	   0.523	   0.532	   0.494	   0.513	   0.471	   0.520	   0.532	   0.543	  
F	   65+	   27	   0.524	   0.550	   0.502	   0.507	   0.473	   0.485	   NaN	   NaN	   0.489	   0.492	  
F	   65+	   28	   0.506	   0.529	   0.479	   0.493	   0.467	   0.487	   0.494	   0.550	   0.437	   0.459	  
F	   65+	   29	   0.490	   0.515	   0.493	   0.508	   0.458	   0.475	   0.445	   0.474	   0.475	   0.479	  
M	   20-­‐39	   30	   0.508	   0.548	   0.487	   0.501	   0.468	   0.492	   0.434	   0.547	   0.482	   0.504	  
M	   20-­‐39	   31	   0.495	   0.570	   0.472	   0.583	   0.449	   0.487	   0.414	   0.462	   0.475	   0.507	  
M	   20-­‐39	   32	   0.549	   0.594	   0.515	   0.553	   0.497	   0.518	   0.472	   0.484	   0.502	   0.526	  
M	   20-­‐39	   33	   0.505	   0.521	   0.487	   0.506	   0.479	   0.469	   NaN	   NaN	   0.482	   0.476	  
M	   20-­‐39	   34	   0.508	   0.544	   0.468	   0.490	   0.448	   0.469	   0.428	   0.478	   0.470	   0.497	  
M	   20-­‐39	   35	   0.495	   0.541	   0.490	   0.538	   0.466	   0.511	   0.432	   0.456	   0.499	   0.531	  
M	   20-­‐39	   36	   0.558	   0.556	   0.508	   0.538	   0.506	   0.517	   0.436	   0.472	   0.505	   0.520	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M	   20-­‐39	   37	   0.525	   0.540	   0.494	   0.505	   0.473	   0.491	   0.478	   0.508	   0.487	   0.491	  
M	   20-­‐39	   38	   0.572	   0.618	   0.559	   0.586	   0.537	   0.583	   0.517	   0.705	   0.534	   0.570	  
M	   20-­‐39	   39	   0.459	   0.483	   0.478	   0.485	   0.473	   0.492	   0.448	   0.461	   0.473	   0.506	  
M	   20-­‐39	   40	   0.488	   0.533	   0.506	   0.542	   0.458	   0.478	   0.457	   0.520	   0.485	   0.515	  
M	   20-­‐39	   41	   0.498	   0.548	   0.475	   0.527	   0.444	   0.457	   0.431	   0.453	   0.472	   0.484	  
M	   20-­‐39	   42	   0.478	   0.498	   0.495	   0.528	   0.468	   0.479	   NaN	   NaN	   0.491	   0.527	  
M	   20-­‐39	   43	   0.537	   0.562	   0.503	   0.507	   0.476	   0.501	   0.450	   0.515	   0.509	   0.536	  
M	   40-­‐60	   44	   0.458	   0.497	   0.474	   0.487	   0.471	   0.493	   0.453	   0.481	   0.480	   0.514	  
M	   40-­‐60	   45	   0.525	   0.551	   0.497	   0.570	   0.476	   0.513	   0.441	   0.480	   0.484	   0.503	  
M	   40-­‐60	   46	   0.519	   0.532	   0.481	   0.494	   0.448	   0.472	   0.420	   0.471	   0.491	   0.508	  
M	   40-­‐60	   47	   0.520	   0.533	   0.506	   0.504	   0.488	   0.502	   NaN	   NaN	   0.508	   0.522	  
M	   40-­‐60	   48	   0.477	   0.499	   0.517	   0.515	   0.463	   0.475	   NaN	   NaN	   0.498	   0.516	  
M	   40-­‐60	   49	   0.452	   0.503	   0.440	   0.546	   0.421	   0.525	   0.464	   0.488	   0.439	   0.484	  
M	   65+	   50	   0.505	   0.525	   0.499	   0.499	   0.467	   0.480	   0.422	   0.505	   0.501	   0.511	  
M	   65+	   51	   0.538	   0.580	   0.524	   0.530	   0.481	   0.493	   NaN	   NaN	   0.536	   0.547	  
M	   65+	   52	   0.521	   0.532	   0.491	   0.498	   0.462	   0.475	   0.445	   0.478	   0.490	   0.493	  
M	   65+	   53	   0.546	   0.605	   0.481	   0.512	   0.448	   0.466	   0.408	   0.437	   0.481	   0.530	  
M	   65+	   54	   0.534	   0.564	   0.500	   0.522	   0.447	   0.478	   NaN	   NaN	   0.494	   0.502	  
M	   65+	   55	   0.533	   0.578	   0.536	   0.571	   0.532	   0.570	   NaN	   NaN	   0.514	   0.579	  
M	   65+	   56	   0.500	   0.517	   0.476	   0.481	   0.448	   0.469	   0.430	   0.466	   0.483	   0.491	  
M	   65+	   57	   0.482	   0.505	   0.489	   0.504	   0.464	   0.480	   0.432	   0.474	   0.477	   0.492	  
M	   65+	   58	   0.553	   0.565	   0.530	   0.543	   0.511	   0.526	   0.520	   0.526	   0.529	   0.554	  
M	   65+	   59	   0.560	   0.571	   0.529	   0.537	   0.506	   0.515	   NaN	   NaN	   0.483	   0.498	  
M	   65+	   60	   0.499	   0.527	   0.475	   0.504	   0.438	   0.469	   0.427	   0.444	   0.495	   0.501	  
	  
Appendix	  11.	  Averaged	  PLZC	  (m	  =	  6,	  τ	  =	  1)	  of	  all	  60	  subjects	  in	  different	  VS.	  PLZC	  values	  were	  averaged	  
into	  thirds	  (1-­‐3)	  of	  the	  whole	  night	  and	  grouped	  into	  5	  different	  VS.	  VS	  were	  denoted	  as;	  W:	  wakefulness,	  
N1:	  NREM	  sleep	  stage	  1,	  N2:	  NREM	  sleep	  stage	  2,	  N3:	  NREM	  sleep	  stage	  3,	  R:	  REM	  sleep.	  Age	  groups	  
were	  20-­‐39	  for	  young,	  40-­‐60	  for	  middle	  and	  65=	  for	  old	  subjects.	  Gender	  was	  abbreviated	  as;	  F:	  females	  
and	  M:	  males.	  Complexity	  values	  obtained	  from	  C3	  were	  tabulated.	  
Gender	   Groups	   Subjects	   W1	   W1S	   N1	   N1S	   N2	   N2S	   N3	   N3S	   R1	   R1S	  
F	   20-­‐39	   1	   0.641	   0.655	   0.648	   0.656	   0.563	   0.593	   0.505	   0.573	   0.641	   0.657	  
F	   20-­‐39	   2	   0.652	   0.665	   0.635	   0.660	   0.541	   0.553	   0.479	   0.537	   0.583	   0.626	  
F	   20-­‐39	   3	   0.691	   0.706	   0.673	   0.690	   0.608	   0.628	   0.543	   0.612	   0.614	   0.631	  
F	   20-­‐39	   4	   0.671	   0.690	   0.649	   0.659	   0.576	   0.592	   0.519	   0.601	   0.602	   0.623	  
F	   20-­‐39	   5	   0.693	   0.708	   0.672	   0.690	   0.598	   0.611	   0.564	   0.612	   0.625	   0.651	  
F	   40-­‐60	   6	   0.665	   0.689	   0.655	   0.668	   0.556	   0.591	   0.480	   0.553	   0.594	   0.625	  
F	   40-­‐60	   7	   0.700	   0.710	   0.698	   0.707	   0.627	   0.667	   0.564	   0.586	   NaN	   NaN	  
F	   40-­‐60	   8	   0.679	   0.698	   0.683	   0.698	   0.661	   0.675	   0.594	   0.641	   0.663	   0.684	  
F	   40-­‐60	   9	   0.628	   0.643	   0.614	   0.614	   0.593	   0.621	   0.527	   0.587	   0.638	   0.661	  
F	   40-­‐60	   10	   0.657	   0.667	   0.687	   0.686	   0.637	   0.653	   0.594	   0.640	   0.640	   0.651	  
F	   40-­‐60	   11	   0.676	   0.687	   0.668	   0.665	   0.552	   0.567	   0.501	   0.555	   0.638	   0.652	  
F	   40-­‐60	   12	   0.633	   0.664	   0.657	   0.677	   0.618	   0.646	   0.615	   0.671	   0.658	   0.678	  
F	   40-­‐60	   13	   0.641	   0.665	   0.627	   0.656	   0.573	   0.585	   0.503	   0.557	   0.643	   0.657	  
Appendices	  	  
156	  
Pinar	  Deniz	  Tosun,	  2018	  
F	   40-­‐60	   14	   0.648	   0.657	   0.657	   0.676	   0.623	   0.642	   0.594	   0.638	   0.664	   0.677	  
F	   40-­‐60	   15	   0.690	   0.712	   0.686	   0.702	   0.645	   0.660	   0.607	   0.637	   0.672	   0.679	  
F	   40-­‐60	   16	   0.633	   0.655	   0.630	   0.635	   0.577	   0.595	   0.511	   0.558	   0.587	   0.585	  
F	   40-­‐60	   17	   0.595	   0.632	   0.592	   0.624	   0.515	   0.558	   0.472	   0.552	   0.590	   0.612	  
F	   65+	   18	   0.671	   0.679	   0.660	   0.662	   0.575	   0.588	   0.504	   0.552	   0.616	   0.630	  
F	   65+	   19	   0.648	   0.671	   0.657	   0.664	   0.639	   0.657	   0.616	   0.655	   0.633	   0.644	  
F	   65+	   20	   0.691	   0.707	   0.694	   0.720	   0.682	   0.715	   0.665	   0.721	   0.681	   0.695	  
F	   65+	   21	   0.655	   0.680	   0.635	   0.691	   0.619	   0.652	   0.571	   0.627	   0.662	   0.669	  
F	   65+	   22	   0.655	   0.674	   0.661	   0.717	   0.617	   0.648	   0.574	   0.655	   0.618	   0.635	  
F	   65+	   23	   0.696	   0.717	   0.672	   0.705	   0.577	   0.603	   0.523	   0.593	   0.596	   0.622	  
F	   65+	   24	   0.690	   0.718	   0.615	   0.654	   0.551	   0.594	   0.503	   0.576	   0.604	   0.628	  
F	   65+	   25	   0.671	   0.680	   0.672	   0.665	   0.598	   0.637	   0.537	   0.590	   0.654	   0.665	  
F	   65+	   26	   0.674	   0.682	   0.690	   0.687	   0.646	   0.668	   0.599	   0.654	   0.669	   0.674	  
F	   65+	   27	   0.624	   0.642	   0.675	   0.675	   0.595	   0.614	   0.535	   0.601	   0.598	   0.613	  
F	   65+	   28	   0.670	   0.684	   0.650	   0.671	   0.625	   0.655	   0.621	   0.670	   0.587	   0.639	  
F	   65+	   29	   0.677	   0.698	   0.666	   0.684	   0.609	   0.645	   0.544	   0.608	   0.628	   0.639	  
M	   20-­‐39	   30	   0.661	   0.693	   0.637	   0.656	   0.583	   0.616	   0.518	   0.608	   0.622	   0.659	  
M	   20-­‐39	   31	   0.633	   0.670	   0.642	   0.676	   0.543	   0.568	   0.510	   0.600	   0.606	   0.652	  
M	   20-­‐39	   32	   0.706	   0.708	   0.699	   0.723	   0.633	   0.661	   0.589	   0.649	   0.619	   0.632	  
M	   20-­‐39	   33	   0.693	   0.713	   0.619	   0.623	   0.586	   0.596	   0.525	   0.611	   0.606	   0.640	  
M	   20-­‐39	   34	   0.676	   0.683	   0.610	   0.626	   0.557	   0.589	   0.519	   0.591	   0.616	   0.635	  
M	   20-­‐39	   35	   0.663	   0.679	   0.619	   0.660	   0.581	   0.620	   0.526	   0.605	   NaN	   NaN	  
M	   20-­‐39	   36	   0.707	   0.723	   0.701	   0.707	   0.679	   0.700	   0.642	   0.666	   0.650	   0.697	  
M	   20-­‐39	   37	   0.686	   0.706	   0.678	   0.683	   0.617	   0.657	   0.525	   0.616	   0.643	   0.668	  
M	   20-­‐39	   38	   0.686	   0.702	   0.623	   0.645	   0.580	   0.639	   0.526	   0.662	   0.624	   0.639	  
M	   20-­‐39	   39	   0.689	   0.701	   0.657	   0.680	   0.599	   0.624	   0.528	   0.588	   0.624	   0.642	  
M	   20-­‐39	   40	   0.602	   0.663	   0.654	   0.715	   0.559	   0.590	   0.501	   0.592	   0.613	   0.646	  
M	   20-­‐39	   41	   0.699	   0.721	   0.691	   0.703	   0.574	   0.603	   0.505	   0.563	   0.573	   0.563	  
M	   20-­‐39	   42	   0.663	   0.693	   0.638	   0.664	   0.572	   0.606	   0.513	   0.595	   0.619	   0.640	  
M	   20-­‐39	   43	   0.693	   0.696	   0.682	   0.692	   0.614	   0.651	   0.558	   0.690	   0.654	   0.684	  
M	   40-­‐60	   44	   0.622	   0.641	   0.610	   0.644	   0.573	   0.605	   0.506	   0.580	   0.582	   0.621	  
M	   40-­‐60	   45	   0.680	   0.701	   0.646	   0.705	   0.625	   0.650	   0.561	   0.608	   NaN	   NaN	  
M	   40-­‐60	   46	   0.667	   0.688	   0.626	   0.640	   0.602	   0.631	   0.536	   0.626	   0.643	   0.661	  
M	   40-­‐60	   47	   0.667	   0.690	   0.676	   0.686	   0.636	   0.653	   0.588	   0.643	   0.654	   0.667	  
M	   40-­‐60	   48	   0.604	   0.654	   0.676	   0.695	   0.601	   0.643	   0.556	   0.625	   0.623	   0.634	  
M	   40-­‐60	   49	   0.663	   0.689	   0.628	   0.654	   0.541	   0.587	   0.490	   0.583	   0.584	   0.625	  
M	   65+	   50	   0.678	   0.718	   0.663	   0.698	   0.563	   0.603	   0.481	   0.565	   0.651	   0.673	  
M	   65+	   51	   0.702	   0.729	   0.672	   0.689	   0.625	   0.643	   0.597	   0.652	   0.692	   0.695	  
M	   65+	   52	   0.623	   0.640	   0.640	   0.653	   0.616	   0.641	   0.592	   0.652	   0.637	   0.679	  
M	   65+	   53	   0.683	   0.694	   0.642	   0.660	   0.563	   0.599	   0.478	   0.544	   0.599	   0.651	  
M	   65+	   54	   0.691	   0.697	   0.628	   0.651	   0.577	   0.616	   0.546	   0.623	   0.634	   0.659	  
M	   65+	   55	   0.695	   0.707	   0.660	   0.681	   0.663	   0.696	   0.670	   0.703	   0.660	   0.684	  
M	   65+	   56	   0.628	   0.646	   0.634	   0.651	   0.576	   0.591	   0.552	   0.592	   NaN	   NaN	  
M	   65+	   57	   0.688	   0.705	   0.658	   0.659	   0.611	   0.638	   0.577	   0.626	   0.618	   0.640	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M	   65+	   58	   0.675	   0.707	   0.705	   0.716	   0.697	   0.706	   0.692	   0.710	   0.698	   0.704	  
M	   65+	   59	   0.699	   0.710	   0.675	   0.687	   0.649	   0.671	   0.600	   0.667	   0.625	   0.645	  
M	   65+	   60	   0.704	   0.704	   0.675	   0.701	   0.609	   0.637	   0.544	   0.607	   0.647	   0.659	  
Gender	   Groups	   Subjects	   W2	   W2S	   N2	   N2S	   N22	   N22S	   N23	   N23S	   R2	   R2S	  
F	   20-­‐39	   1	   0.672	   0.723	   0.652	   0.654	   0.578	   0.597	   0.519	   0.573	   0.656	   0.674	  
F	   20-­‐39	   2	   0.655	   0.690	   0.633	   0.659	   0.565	   0.575	   0.502	   0.543	   0.613	   0.634	  
F	   20-­‐39	   3	   0.689	   0.695	   0.656	   0.687	   0.623	   0.640	   0.537	   0.666	   0.619	   0.648	  
F	   20-­‐39	   4	   0.674	   0.717	   0.620	   0.631	   0.585	   0.609	   0.537	   0.572	   0.606	   0.641	  
F	   20-­‐39	   5	   NaN	   NaN	   0.634	   0.652	   0.592	   0.605	   0.554	   0.588	   0.627	   0.649	  
F	   40-­‐60	   6	   0.677	   0.693	   0.602	   0.624	   0.524	   0.556	   0.481	   0.577	   0.593	   0.641	  
F	   40-­‐60	   7	   0.698	   0.706	   0.693	   0.701	   0.616	   0.622	   0.578	   0.625	   0.635	   0.643	  
F	   40-­‐60	   8	   NaN	   NaN	   0.654	   0.662	   0.616	   0.622	   0.555	   0.605	   0.656	   0.675	  
F	   40-­‐60	   9	   0.654	   0.671	   0.644	   0.663	   0.596	   0.613	   0.550	   0.592	   0.646	   0.656	  
F	   40-­‐60	   10	   0.667	   0.692	   0.666	   0.669	   0.647	   0.661	   0.637	   0.695	   0.650	   0.675	  
F	   40-­‐60	   11	   0.618	   0.663	   0.621	   0.625	   0.562	   0.579	   0.522	   0.537	   0.619	   0.632	  
F	   40-­‐60	   12	   NaN	   NaN	   0.674	   0.709	   0.620	   0.644	   0.610	   0.662	   0.655	   0.684	  
F	   40-­‐60	   13	   0.666	   0.700	   0.632	   0.661	   0.579	   0.609	   0.619	   0.645	   0.652	   0.662	  
F	   40-­‐60	   14	   0.525	   0.558	   0.658	   0.670	   0.607	   0.639	   0.590	   0.637	   0.655	   0.673	  
F	   40-­‐60	   15	   0.694	   0.719	   0.690	   0.697	   0.663	   0.683	   0.624	   0.658	   0.682	   0.694	  
F	   40-­‐60	   16	   0.631	   0.800	   0.600	   0.637	   0.580	   0.594	   0.544	   0.600	   0.632	   0.647	  
F	   40-­‐60	   17	   0.600	   0.649	   0.561	   0.603	   0.539	   0.595	   0.466	   0.566	   0.585	   0.625	  
F	   65+	   18	   0.685	   0.700	   0.677	   0.701	   0.564	   0.588	   0.518	   0.554	   0.621	   0.657	  
F	   65+	   19	   0.655	   0.667	   0.649	   0.665	   0.626	   0.642	   0.619	   0.646	   0.640	   0.650	  
F	   65+	   20	   NaN	   NaN	   0.711	   0.722	   0.684	   0.707	   0.669	   0.722	   0.676	   0.696	  
F	   65+	   21	   0.570	   0.607	   0.636	   0.673	   0.609	   0.638	   0.578	   0.631	   0.661	   0.676	  
F	   65+	   22	   0.657	   0.705	   0.643	   0.678	   0.607	   0.634	   0.565	   0.677	   0.638	   0.665	  
F	   65+	   23	   0.665	   0.682	   0.686	   0.725	   0.585	   0.622	   0.550	   0.612	   0.608	   0.649	  
F	   65+	   24	   0.665	   0.684	   0.596	   0.631	   0.550	   0.617	   0.529	   0.608	   0.586	   0.603	  
F	   65+	   25	   0.634	   0.676	   0.626	   0.624	   0.566	   0.605	   0.549	   0.587	   0.632	   0.647	  
F	   65+	   26	   0.662	   0.671	   0.670	   0.676	   0.668	   0.682	   NaN	   NaN	   0.671	   0.680	  
F	   65+	   27	   0.645	   0.649	   0.633	   0.646	   0.601	   0.616	   0.562	   0.620	   0.610	   0.625	  
F	   65+	   28	   0.659	   0.685	   0.605	   0.636	   0.590	   0.635	   0.598	   0.656	   0.573	   0.616	  
F	   65+	   29	   0.661	   0.689	   0.627	   0.677	   0.591	   0.613	   0.540	   0.608	   0.622	   0.639	  
M	   20-­‐39	   30	   0.675	   0.712	   0.638	   0.657	   0.584	   0.599	   0.545	   0.588	   0.638	   0.677	  
M	   20-­‐39	   31	   0.667	   0.697	   0.619	   0.660	   0.563	   0.585	   0.518	   0.582	   0.600	   0.647	  
M	   20-­‐39	   32	   0.702	   0.698	   0.654	   0.662	   0.645	   0.669	   0.639	   0.656	   0.653	   0.683	  
M	   20-­‐39	   33	   0.658	   0.719	   0.650	   0.627	   0.643	   0.641	   0.588	   0.627	   0.631	   0.632	  
M	   20-­‐39	   34	   0.690	   0.722	   0.631	   0.647	   0.568	   0.588	   0.535	   0.626	   0.624	   0.654	  
M	   20-­‐39	   35	   0.673	   0.835	   0.623	   0.679	   0.591	   0.614	   0.548	   0.623	   0.629	   0.654	  
M	   20-­‐39	   36	   0.712	   0.727	   0.705	   0.723	   0.649	   0.668	   0.609	   0.638	   0.660	   0.676	  
M	   20-­‐39	   37	   0.705	   0.739	   0.665	   0.684	   0.632	   0.659	   0.590	   0.651	   0.665	   0.724	  
M	   20-­‐39	   38	   0.698	   0.726	   0.693	   0.732	   0.656	   0.683	   0.681	   0.728	   0.668	   0.686	  
M	   20-­‐39	   39	   NaN	   NaN	   0.615	   0.642	   0.619	   0.648	   0.599	   0.649	   0.639	   0.678	  
M	   20-­‐39	   40	   0.681	   0.695	   0.626	   0.705	   0.549	   0.577	   0.528	   0.589	   0.619	   0.659	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M	   20-­‐39	   41	   0.675	   0.713	   0.615	   0.681	   0.550	   0.580	   0.498	   0.560	   0.604	   0.622	  
M	   20-­‐39	   42	   0.667	   0.675	   0.657	   0.695	   0.590	   0.623	   0.534	   0.590	   0.628	   0.655	  
M	   20-­‐39	   43	   0.704	   0.705	   0.668	   0.703	   0.625	   0.664	   0.619	   0.706	   0.674	   0.702	  
M	   40-­‐60	   44	   NaN	   NaN	   0.595	   0.608	   0.582	   0.594	   0.551	   0.597	   0.607	   0.628	  
M	   40-­‐60	   45	   0.691	   0.764	   0.649	   0.681	   0.605	   0.630	   0.552	   0.603	   0.644	   0.669	  
M	   40-­‐60	   46	   0.658	   0.702	   0.630	   0.638	   0.576	   0.607	   0.533	   0.634	   0.642	   0.678	  
M	   40-­‐60	   47	   0.668	   0.691	   0.661	   0.678	   0.663	   0.680	   0.646	   0.677	   0.647	   0.668	  
M	   40-­‐60	   48	   0.641	   0.690	   0.624	   0.674	   0.600	   0.634	   0.566	   0.640	   0.632	   0.662	  
M	   40-­‐60	   49	   0.650	   0.695	   0.570	   0.607	   0.546	   0.582	   0.549	   0.599	   0.600	   0.622	  
M	   65+	   50	   0.702	   0.646	   0.651	   0.704	   0.570	   0.601	   0.500	   0.584	   0.633	   0.648	  
M	   65+	   51	   0.699	   0.706	   0.687	   0.694	   0.638	   0.652	   NaN	   NaN	   0.702	   0.704	  
M	   65+	   52	   0.625	   0.643	   0.619	   0.639	   0.606	   0.635	   0.561	   0.613	   0.648	   0.660	  
M	   65+	   53	   0.645	   0.711	   0.609	   0.752	   0.574	   0.613	   0.524	   0.579	   0.642	   0.675	  
M	   65+	   54	   0.687	   0.692	   0.632	   0.649	   0.567	   0.609	   0.555	   0.634	   0.643	   0.652	  
M	   65+	   55	   0.642	   0.681	   0.691	   0.710	   0.693	   0.715	   NaN	   NaN	   0.663	   0.695	  
M	   65+	   56	   0.645	   0.675	   0.621	   0.651	   0.590	   0.609	   0.557	   0.613	   0.625	   0.629	  
M	   65+	   57	   0.687	   0.699	   0.698	   0.713	   0.597	   0.629	   NaN	   NaN	   0.656	   0.679	  
M	   65+	   58	   0.699	   0.708	   0.682	   0.705	   0.686	   0.709	   0.644	   0.711	   0.669	   0.696	  
M	   65+	   59	   0.693	   0.691	   0.658	   0.679	   0.649	   0.666	   0.643	   0.683	   0.653	   0.676	  
M	   65+	   60	   0.697	   0.703	   0.661	   0.680	   0.619	   0.645	   0.551	   0.602	   0.663	   0.685	  
Gender	   Groups	   Subjects	   W3	   W3S	   N3	   N3S	   N32	   N32S	   N33	   N33S	   R3	   R3S	  
F	   20-­‐39	   1	   0.651	   0.699	   0.649	   0.673	   0.579	   0.600	   0.502	   0.537	   0.652	   0.671	  
F	   20-­‐39	   2	   0.668	   0.702	   0.631	   0.658	   0.546	   0.554	   NaN	   NaN	   0.620	   0.640	  
F	   20-­‐39	   3	   0.654	   0.679	   0.663	   0.679	   0.641	   0.652	   0.630	   0.655	   0.632	   0.652	  
F	   20-­‐39	   4	   0.661	   0.720	   0.607	   0.666	   0.587	   0.629	   0.564	   0.631	   0.613	   0.664	  
F	   20-­‐39	   5	   0.702	   0.698	   0.674	   0.737	   0.587	   0.595	   0.605	   0.611	   0.635	   0.660	  
F	   40-­‐60	   6	   0.677	   0.706	   0.629	   0.646	   0.539	   0.572	   0.477	   0.642	   0.591	   0.628	  
F	   40-­‐60	   7	   0.695	   0.708	   0.690	   0.707	   0.580	   0.600	   0.496	   0.556	   0.641	   0.678	  
F	   40-­‐60	   8	   0.638	   0.656	   0.658	   0.670	   0.613	   0.620	   0.575	   0.601	   0.654	   0.682	  
F	   40-­‐60	   9	   0.644	   0.667	   0.656	   0.665	   0.594	   0.610	   0.550	   0.585	   0.661	   0.685	  
F	   40-­‐60	   10	   0.659	   0.669	   0.662	   0.670	   0.649	   0.667	   0.671	   0.715	   0.664	   0.685	  
F	   40-­‐60	   11	   0.597	   0.634	   0.658	   0.666	   0.583	   0.587	   NaN	   NaN	   0.647	   0.662	  
F	   40-­‐60	   12	   0.673	   0.709	   0.649	   0.662	   0.626	   0.646	   0.633	   0.675	   0.655	   0.673	  
F	   40-­‐60	   13	   0.638	   0.685	   0.636	   0.645	   0.581	   0.600	   0.523	   0.562	   0.655	   0.679	  
F	   40-­‐60	   14	   0.686	   0.691	   0.661	   0.661	   0.621	   0.638	   0.635	   0.692	   0.661	   0.675	  
F	   40-­‐60	   15	   0.692	   0.714	   0.692	   0.712	   0.667	   0.678	   0.677	   0.702	   0.691	   0.713	  
F	   40-­‐60	   16	   0.654	   0.772	   0.633	   0.657	   0.583	   0.593	   0.546	   0.631	   0.641	   0.649	  
F	   40-­‐60	   17	   0.626	   0.707	   0.570	   0.602	   0.510	   0.571	   0.479	   0.556	   0.583	   0.600	  
F	   65+	   18	   0.654	   0.668	   0.660	   0.662	   0.609	   0.621	   0.593	   0.631	   0.654	   0.684	  
F	   65+	   19	   0.648	   0.687	   0.661	   0.679	   0.641	   0.662	   0.643	   0.683	   0.644	   0.653	  
F	   65+	   20	   0.711	   0.734	   0.664	   0.678	   0.668	   0.701	   0.667	   0.715	   0.679	   0.702	  
F	   65+	   21	   0.661	   0.714	   0.640	   0.684	   0.617	   0.652	   0.586	   0.665	   0.660	   0.675	  
F	   65+	   22	   0.677	   0.693	   0.648	   0.660	   0.614	   0.649	   0.580	   0.656	   0.628	   0.653	  
F	   65+	   23	   0.706	   0.704	   0.673	   0.705	   0.573	   0.608	   0.529	   0.593	   0.626	   0.659	  
Appendices	  	  
159	  
Pinar	  Deniz	  Tosun,	  2018	  
F	   65+	   24	   0.683	   0.696	   0.617	   0.634	   0.581	   0.606	   NaN	   NaN	   0.611	   0.629	  
F	   65+	   25	   0.654	   0.668	   0.668	   0.680	   0.597	   0.607	   0.563	   0.574	   0.660	   0.666	  
F	   65+	   26	   0.678	   0.683	   0.687	   0.693	   0.659	   0.676	   0.605	   0.652	   0.686	   0.698	  
F	   65+	   27	   0.671	   0.678	   0.656	   0.671	   0.611	   0.625	   NaN	   NaN	   0.645	   0.657	  
F	   65+	   28	   0.672	   0.678	   0.642	   0.661	   0.614	   0.644	   0.645	   0.672	   0.583	   0.618	  
F	   65+	   29	   0.675	   0.693	   0.656	   0.694	   0.609	   0.651	   0.580	   0.642	   0.633	   0.652	  
M	   20-­‐39	   30	   0.675	   0.709	   0.639	   0.658	   0.607	   0.624	   0.547	   0.590	   0.643	   0.673	  
M	   20-­‐39	   31	   0.664	   0.694	   0.621	   0.705	   0.571	   0.606	   0.509	   0.569	   0.622	   0.660	  
M	   20-­‐39	   32	   0.707	   0.713	   0.673	   0.706	   0.642	   0.656	   0.597	   0.619	   0.657	   0.687	  
M	   20-­‐39	   33	   0.676	   0.694	   0.638	   0.668	   0.611	   0.614	   NaN	   NaN	   0.629	   0.635	  
M	   20-­‐39	   34	   0.670	   0.680	   0.629	   0.642	   0.589	   0.607	   0.543	   0.602	   0.637	   0.671	  
M	   20-­‐39	   35	   0.636	   0.703	   0.627	   0.650	   0.584	   0.616	   0.539	   0.585	   0.644	   0.685	  
M	   20-­‐39	   36	   0.700	   0.730	   0.658	   0.683	   0.641	   0.648	   0.551	   0.592	   0.659	   0.683	  
M	   20-­‐39	   37	   0.701	   0.713	   0.669	   0.691	   0.628	   0.652	   0.599	   0.646	   0.662	   0.681	  
M	   20-­‐39	   38	   0.714	   0.769	   0.696	   0.741	   0.663	   0.676	   0.677	   0.745	   0.674	   0.702	  
M	   20-­‐39	   39	   0.653	   0.673	   0.643	   0.648	   0.611	   0.630	   0.565	   0.572	   0.644	   0.680	  
M	   20-­‐39	   40	   0.657	   0.674	   0.671	   0.690	   0.573	   0.599	   0.555	   0.617	   0.649	   0.668	  
M	   20-­‐39	   41	   0.649	   0.747	   0.623	   0.690	   0.547	   0.564	   0.519	   0.553	   0.608	   0.642	  
M	   20-­‐39	   42	   0.649	   0.669	   0.657	   0.676	   0.615	   0.619	   NaN	   NaN	   0.645	   0.660	  
M	   20-­‐39	   43	   0.654	   0.664	   0.677	   0.689	   0.618	   0.640	   0.564	   0.674	   0.666	   0.702	  
M	   40-­‐60	   44	   0.626	   0.684	   0.622	   0.637	   0.605	   0.624	   0.560	   0.596	   0.637	   0.667	  
M	   40-­‐60	   45	   0.679	   0.699	   0.658	   0.695	   0.610	   0.628	   0.558	   0.582	   0.648	   0.662	  
M	   40-­‐60	   46	   0.665	   0.683	   0.630	   0.639	   0.590	   0.614	   0.549	   0.622	   0.645	   0.665	  
M	   40-­‐60	   47	   0.656	   0.678	   0.669	   0.680	   0.631	   0.647	   NaN	   NaN	   0.667	   0.693	  
M	   40-­‐60	   48	   0.643	   0.663	   0.665	   0.707	   0.609	   0.644	   NaN	   NaN	   0.642	   0.676	  
M	   40-­‐60	   49	   0.629	   0.667	   0.617	   0.644	   0.573	   0.601	   0.590	   0.658	   0.608	   0.639	  
M	   65+	   50	   0.674	   0.692	   0.651	   0.659	   0.596	   0.620	   0.521	   0.599	   0.650	   0.662	  
M	   65+	   51	   0.704	   0.716	   0.691	   0.695	   0.641	   0.656	   NaN	   NaN	   0.699	   0.707	  
M	   65+	   52	   0.645	   0.657	   0.637	   0.643	   0.608	   0.633	   0.577	   0.641	   0.640	   0.644	  
M	   65+	   53	   0.688	   0.751	   0.636	   0.655	   0.572	   0.591	   0.505	   0.542	   0.627	   0.679	  
M	   65+	   54	   0.683	   0.699	   0.651	   0.665	   0.576	   0.600	   NaN	   NaN	   0.643	   0.656	  
M	   65+	   55	   0.690	   0.723	   0.692	   0.733	   0.685	   0.728	   NaN	   NaN	   0.665	   0.719	  
M	   65+	   56	   0.650	   0.667	   0.621	   0.624	   0.590	   0.605	   0.564	   0.625	   0.638	   0.645	  
M	   65+	   57	   0.636	   0.648	   0.655	   0.670	   0.609	   0.635	   0.560	   0.608	   0.644	   0.660	  
M	   65+	   58	   0.688	   0.710	   0.671	   0.694	   0.641	   0.676	   0.635	   0.694	   0.675	   0.708	  
M	   65+	   59	   0.709	   0.715	   0.679	   0.691	   0.654	   0.672	   NaN	   NaN	   0.639	   0.655	  
M	   65+	   60	   0.667	   0.681	   0.666	   0.679	   0.619	   0.648	   0.582	   0.626	   0.666	   0.689	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Appendix	  12.	  Averaged	  PLZC	  (m	  =	  6,	  τ	  =	  1)	  of	  all	  60	  subjects	  in	  different	  VS.	  PLZC	  values	  were	  averaged	  
into	  thirds	  (1-­‐3)	  of	  the	  whole	  night	  and	  grouped	  into	  5	  different	  VS.	  VS	  were	  denoted	  as;	  W:	  wakefulness,	  
N1:	  NREM	  sleep	  stage	  1,	  N2:	  NREM	  sleep	  stage	  2,	  N3:	  NREM	  sleep	  stage	  3,	  R:	  REM	  sleep.	  Age	  groups	  
were	  20-­‐39	  for	  young,	  40-­‐60	  for	  middle	  and	  65=	  for	  old	  subjects.	  Gender	  was	  abbreviated	  as;	  F:	  females	  
and	  M:	  males.	  Complexity	  values	  obtained	  from	  O1	  were	  tabulated.	  
Gender	   Groups	   Subjects	   W1	   W1S	   N1	   N1S	   N2	   N2S	   N3	   N3S	   R1	   R1S	  
F	   20-­‐39	   1	   0.581	   0.604	   0.645	   0.647	   0.581	   0.595	   0.556	   0.606	   0.629	   0.645	  
F	   20-­‐39	   2	   0.635	   0.645	   0.631	   0.650	   0.557	   0.588	   0.520	   0.567	   0.561	   0.565	  
F	   20-­‐39	   3	   0.683	   0.705	   0.676	   0.695	   0.617	   0.639	   0.552	   0.594	   0.626	   0.659	  
F	   20-­‐39	   4	   0.658	   0.669	   0.635	   0.630	   0.568	   0.600	   0.525	   0.599	   0.572	   0.593	  
F	   20-­‐39	   5	   0.694	   0.708	   0.678	   0.696	   0.608	   0.626	   0.581	   0.608	   0.624	   0.666	  
F	   40-­‐60	   6	   0.636	   0.666	   0.645	   0.666	   0.556	   0.581	   0.494	   0.552	   0.567	   0.587	  
F	   40-­‐60	   7	   0.676	   0.696	   0.685	   0.689	   0.632	   0.642	   0.577	   0.603	   NaN	   NaN	  
F	   40-­‐60	   8	   0.657	   0.679	   0.669	   0.683	   0.654	   0.676	   0.614	   0.643	   0.633	   0.649	  
F	   40-­‐60	   9	   0.619	   0.638	   0.606	   0.616	   0.588	   0.618	   0.541	   0.595	   0.624	   0.652	  
F	   40-­‐60	   10	   0.650	   0.659	   0.679	   0.673	   0.646	   0.659	   0.626	   0.659	   0.625	   0.625	  
F	   40-­‐60	   11	   0.668	   0.676	   0.642	   0.666	   0.556	   0.582	   0.527	   0.573	   0.611	   0.615	  
F	   40-­‐60	   12	   0.613	   0.645	   0.661	   0.684	   0.624	   0.645	   0.621	   0.648	   0.658	   0.670	  
F	   40-­‐60	   13	   0.635	   0.659	   0.641	   0.661	   0.604	   0.617	   0.564	   0.607	   0.658	   0.665	  
F	   40-­‐60	   14	   0.667	   0.703	   0.670	   0.690	   0.652	   0.669	   0.626	   0.662	   0.673	   0.713	  
F	   40-­‐60	   15	   0.673	   0.688	   0.664	   0.673	   0.627	   0.631	   0.619	   0.639	   0.659	   0.661	  
F	   40-­‐60	   16	   0.648	   0.674	   0.631	   0.641	   0.582	   0.608	   0.547	   0.590	   0.589	   0.590	  
F	   40-­‐60	   17	   0.575	   0.609	   0.617	   0.639	   0.568	   0.609	   0.553	   0.625	   0.606	   0.623	  
F	   65+	   18	   0.695	   0.711	   0.686	   0.681	   0.586	   0.597	   0.538	   0.576	   0.587	   0.587	  
F	   65+	   19	   0.649	   0.673	   0.664	   0.666	   0.640	   0.652	   0.623	   0.639	   0.647	   0.654	  
F	   65+	   20	   0.695	   0.716	   0.701	   0.726	   0.688	   0.727	   0.686	   0.718	   0.678	   0.703	  
F	   65+	   21	   0.612	   0.642	   0.626	   0.660	   0.601	   0.631	   0.569	   0.612	   0.649	   0.665	  
F	   65+	   22	   0.656	   0.699	   0.656	   0.719	   0.636	   0.666	   0.608	   0.669	   0.637	   0.650	  
F	   65+	   23	   0.687	   0.748	   0.672	   0.720	   0.585	   0.619	   0.563	   0.637	   0.597	   0.637	  
F	   65+	   24	   0.692	   0.724	   0.632	   0.655	   0.583	   0.621	   0.560	   0.626	   0.614	   0.640	  
F	   65+	   25	   0.674	   0.677	   0.679	   0.680	   0.610	   0.644	   0.573	   0.614	   0.648	   0.666	  
F	   65+	   26	   0.676	   0.686	   0.683	   0.687	   0.644	   0.663	   0.606	   0.629	   0.670	   0.656	  
F	   65+	   27	   0.620	   0.641	   0.688	   0.696	   0.602	   0.622	   0.558	   0.607	   0.594	   0.604	  
F	   65+	   28	   0.656	   0.672	   0.648	   0.675	   0.634	   0.656	   0.638	   0.670	   0.594	   0.651	  
F	   65+	   29	   0.666	   0.696	   0.655	   0.679	   0.610	   0.645	   0.567	   0.630	   0.612	   0.618	  
M	   20-­‐39	   30	   0.619	   0.679	   0.646	   0.666	   0.588	   0.646	   0.543	   0.660	   0.605	   0.645	  
M	   20-­‐39	   31	   0.612	   0.645	   0.656	   0.670	   0.560	   0.596	   0.547	   0.644	   0.604	   0.657	  
M	   20-­‐39	   32	   0.702	   0.713	   0.696	   0.721	   0.642	   0.677	   0.613	   0.657	   0.612	   0.682	  
M	   20-­‐39	   33	   0.681	   0.692	   0.621	   0.595	   0.605	   0.594	   0.559	   0.608	   0.589	   0.573	  
M	   20-­‐39	   34	   0.654	   0.664	   0.615	   0.630	   0.560	   0.592	   0.534	   0.612	   0.602	   0.639	  
M	   20-­‐39	   35	   0.638	   0.657	   0.607	   0.629	   0.578	   0.605	   0.533	   0.583	   NaN	   NaN	  
M	   20-­‐39	   36	   0.704	   0.716	   0.693	   0.704	   0.689	   0.711	   0.690	   0.721	   0.644	   0.672	  
M	   20-­‐39	   37	   0.662	   0.687	   0.656	   0.670	   0.617	   0.650	   0.552	   0.631	   0.633	   0.657	  
M	   20-­‐39	   38	   0.685	   0.698	   0.652	   0.691	   0.605	   0.681	   0.567	   0.709	   0.635	   0.655	  
M	   20-­‐39	   39	   0.656	   0.700	   0.615	   0.640	   0.616	   0.632	   0.561	   0.606	   0.593	   0.607	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M	   20-­‐39	   40	   0.557	   0.627	   0.664	   0.706	   0.581	   0.605	   0.553	   0.625	   0.613	   0.596	  
M	   20-­‐39	   41	   0.686	   0.693	   0.665	   0.672	   0.590	   0.604	   0.548	   0.594	   0.576	   0.611	  
M	   20-­‐39	   42	   0.619	   0.682	   0.638	   0.678	   0.589	   0.613	   0.554	   0.614	   0.597	   0.630	  
M	   20-­‐39	   43	   0.703	   0.714	   0.678	   0.689	   0.615	   0.666	   0.575	   0.703	   0.658	   0.680	  
M	   40-­‐60	   44	   0.616	   0.640	   0.633	   0.654	   0.595	   0.626	   0.562	   0.622	   0.594	   0.621	  
M	   40-­‐60	   45	   0.673	   0.709	   0.636	   0.698	   0.635	   0.667	   0.594	   0.654	   NaN	   NaN	  
M	   40-­‐60	   46	   0.674	   0.703	   0.624	   0.637	   0.591	   0.623	   0.537	   0.633	   0.637	   0.641	  
M	   40-­‐60	   47	   0.692	   0.698	   0.687	   0.696	   0.648	   0.662	   0.604	   0.653	   0.653	   0.666	  
M	   40-­‐60	   48	   0.600	   0.640	   0.685	   0.692	   0.604	   0.631	   0.572	   0.612	   0.620	   0.624	  
M	   40-­‐60	   49	   0.579	   0.617	   0.625	   0.639	   0.544	   0.600	   0.502	   0.591	   0.560	   0.607	  
M	   65+	   50	   0.646	   0.691	   0.662	   0.714	   0.573	   0.632	   0.532	   0.658	   0.654	   0.679	  
M	   65+	   51	   0.699	   0.739	   0.668	   0.687	   0.626	   0.643	   0.607	   0.646	   0.700	   0.694	  
M	   65+	   52	   0.650	   0.666	   0.650	   0.663	   0.628	   0.646	   0.605	   0.635	   0.624	   0.688	  
M	   65+	   53	   0.677	   0.703	   0.683	   0.691	   0.581	   0.621	   0.518	   0.575	   0.598	   0.652	  
M	   65+	   54	   0.704	   0.733	   0.634	   0.674	   0.592	   0.634	   0.564	   0.618	   0.642	   0.663	  
M	   65+	   55	   0.694	   0.712	   0.664	   0.699	   0.666	   0.700	   0.679	   0.703	   0.664	   0.698	  
M	   65+	   56	   0.635	   0.653	   0.651	   0.666	   0.572	   0.600	   0.552	   0.619	   NaN	   NaN	  
M	   65+	   57	   0.690	   0.704	   0.658	   0.667	   0.616	   0.636	   0.590	   0.643	   0.594	   0.614	  
M	   65+	   58	   0.683	   0.710	   0.710	   0.710	   0.710	   0.707	   0.716	   0.715	   0.709	   0.703	  
M	   65+	   59	   0.706	   0.716	   0.693	   0.695	   0.666	   0.672	   0.612	   0.656	   0.614	   0.637	  
M	   65+	   60	   0.707	   0.719	   0.665	   0.677	   0.571	   0.611	   0.534	   0.594	   0.621	   0.642	  
Gender	   Groups	   Subjects	   W2	   W2S	   N2	   N2S	   N22	   N22S	   N23	   N23S	   R2	   R2S	  
F	   20-­‐39	   1	   0.642	   0.762	   0.647	   0.666	   0.588	   0.603	   0.552	   0.614	   0.641	   0.655	  
F	   20-­‐39	   2	   0.625	   0.722	   0.605	   0.656	   0.571	   0.590	   0.531	   0.563	   0.570	   0.581	  
F	   20-­‐39	   3	   0.688	   0.715	   0.653	   0.700	   0.632	   0.644	   0.559	   0.630	   0.624	   0.638	  
F	   20-­‐39	   4	   0.656	   0.730	   0.589	   0.652	   0.580	   0.609	   0.542	   0.603	   0.588	   0.614	  
F	   20-­‐39	   5	   NaN	   NaN	   0.637	   0.646	   0.606	   0.631	   0.577	   0.605	   0.618	   0.671	  
F	   40-­‐60	   6	   0.637	   0.699	   0.589	   0.605	   0.532	   0.567	   0.504	   0.570	   0.564	   0.604	  
F	   40-­‐60	   7	   0.688	   0.697	   0.694	   0.701	   0.611	   0.623	   0.582	   0.627	   0.616	   0.622	  
F	   40-­‐60	   8	   NaN	   NaN	   0.627	   0.641	   0.605	   0.628	   0.578	   0.611	   0.637	   0.661	  
F	   40-­‐60	   9	   0.649	   0.692	   0.634	   0.673	   0.592	   0.616	   0.562	   0.622	   0.634	   0.652	  
F	   40-­‐60	   10	   0.635	   0.657	   0.654	   0.670	   0.654	   0.673	   0.656	   0.695	   0.637	   0.655	  
F	   40-­‐60	   11	   0.593	   0.647	   0.589	   0.613	   0.564	   0.581	   0.531	   0.566	   0.584	   0.588	  
F	   40-­‐60	   12	   NaN	   NaN	   0.669	   0.706	   0.618	   0.642	   0.621	   0.649	   0.655	   0.680	  
F	   40-­‐60	   13	   0.675	   0.705	   0.639	   0.663	   0.611	   0.634	   0.659	   0.691	   0.654	   0.658	  
F	   40-­‐60	   14	   0.570	   0.572	   0.654	   0.702	   0.653	   0.688	   0.666	   0.692	   0.663	   0.673	  
F	   40-­‐60	   15	   0.691	   0.716	   0.679	   0.684	   0.646	   0.654	   0.631	   0.644	   0.678	   0.686	  
F	   40-­‐60	   16	   0.632	   0.805	   0.596	   0.620	   0.592	   0.611	   0.568	   0.628	   0.619	   0.626	  
F	   40-­‐60	   17	   0.573	   0.616	   0.604	   0.647	   0.579	   0.634	   0.545	   0.629	   0.605	   0.635	  
F	   65+	   18	   0.693	   0.695	   0.672	   0.685	   0.574	   0.591	   0.541	   0.582	   0.591	   0.627	  
F	   65+	   19	   0.656	   0.681	   0.651	   0.685	   0.632	   0.645	   0.638	   0.670	   0.654	   0.662	  
F	   65+	   20	   NaN	   NaN	   0.702	   0.701	   0.688	   0.714	   0.689	   0.724	   0.686	   0.704	  
F	   65+	   21	   0.565	   0.601	   0.632	   0.700	   0.593	   0.628	   0.572	   0.619	   0.654	   0.670	  
F	   65+	   22	   0.662	   0.686	   0.650	   0.701	   0.625	   0.658	   0.603	   0.688	   0.656	   0.673	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F	   65+	   23	   0.675	   0.747	   0.680	   0.774	   0.603	   0.647	   0.581	   0.645	   0.605	   0.636	  
F	   65+	   24	   0.674	   0.710	   0.612	   0.665	   0.595	   0.653	   0.591	   0.654	   0.598	   0.615	  
F	   65+	   25	   0.613	   0.656	   0.653	   0.629	   0.584	   0.621	   0.583	   0.609	   0.620	   0.644	  
F	   65+	   26	   0.646	   0.660	   0.666	   0.656	   0.661	   0.680	   NaN	   NaN	   0.673	   0.677	  
F	   65+	   27	   0.647	   0.652	   0.649	   0.661	   0.610	   0.626	   0.586	   0.629	   0.604	   0.623	  
F	   65+	   28	   0.631	   0.659	   0.597	   0.649	   0.598	   0.642	   0.602	   0.649	   0.563	   0.609	  
F	   65+	   29	   0.620	   0.658	   0.615	   0.663	   0.597	   0.621	   0.567	   0.630	   0.616	   0.627	  
M	   20-­‐39	   30	   0.655	   0.703	   0.626	   0.665	   0.593	   0.656	   0.555	   0.714	   0.622	   0.660	  
M	   20-­‐39	   31	   0.638	   0.675	   0.619	   0.637	   0.590	   0.615	   0.548	   0.615	   0.572	   0.645	  
M	   20-­‐39	   32	   0.705	   0.728	   0.661	   0.671	   0.661	   0.681	   0.642	   0.686	   0.661	   0.737	  
M	   20-­‐39	   33	   0.647	   0.707	   0.644	   0.599	   0.655	   0.635	   0.609	   0.629	   0.630	   0.592	  
M	   20-­‐39	   34	   0.691	   0.730	   0.630	   0.662	   0.570	   0.602	   0.547	   0.616	   0.602	   0.632	  
M	   20-­‐39	   35	   0.555	   0.592	   0.614	   0.681	   0.597	   0.623	   0.560	   0.620	   0.596	   0.621	  
M	   20-­‐39	   36	   0.703	   0.726	   0.708	   0.715	   0.662	   0.684	   0.641	   0.687	   0.655	   0.663	  
M	   20-­‐39	   37	   0.642	   0.669	   0.645	   0.670	   0.623	   0.643	   0.612	   0.654	   0.646	   0.701	  
M	   20-­‐39	   38	   0.700	   0.724	   0.701	   0.762	   0.662	   0.700	   0.628	   0.885	   0.672	   0.684	  
M	   20-­‐39	   39	   NaN	   NaN	   0.579	   0.598	   0.627	   0.657	   0.613	   0.660	   0.600	   0.648	  
M	   20-­‐39	   40	   0.670	   0.716	   0.634	   0.756	   0.574	   0.604	   0.563	   0.589	   0.598	   0.624	  
M	   20-­‐39	   41	   0.657	   0.695	   0.615	   0.643	   0.569	   0.590	   0.544	   0.581	   0.601	   0.616	  
M	   20-­‐39	   42	   0.635	   0.652	   0.647	   0.718	   0.597	   0.625	   0.550	   0.606	   0.607	   0.654	  
M	   20-­‐39	   43	   0.702	   0.747	   0.662	   0.685	   0.631	   0.669	   0.626	   0.708	   0.676	   0.716	  
M	   40-­‐60	   44	   NaN	   NaN	   0.605	   0.620	   0.606	   0.623	   0.598	   0.636	   0.608	   0.632	  
M	   40-­‐60	   45	   0.685	   0.783	   0.672	   0.672	   0.617	   0.663	   0.581	   0.657	   0.625	   0.646	  
M	   40-­‐60	   46	   0.665	   0.691	   0.638	   0.659	   0.580	   0.617	   0.540	   0.619	   0.644	   0.667	  
M	   40-­‐60	   47	   0.686	   0.709	   0.678	   0.690	   0.675	   0.686	   0.663	   0.692	   0.653	   0.673	  
M	   40-­‐60	   48	   0.646	   0.697	   0.639	   0.681	   0.613	   0.649	   0.580	   0.635	   0.644	   0.660	  
M	   40-­‐60	   49	   0.552	   0.640	   0.555	   0.604	   0.538	   0.624	   0.561	   0.622	   0.560	   0.632	  
M	   65+	   50	   0.679	   0.780	   0.653	   0.728	   0.586	   0.634	   0.550	   0.614	   0.638	   0.647	  
M	   65+	   51	   0.693	   0.699	   0.687	   0.692	   0.639	   0.652	   NaN	   NaN	   0.704	   0.714	  
M	   65+	   52	   0.641	   0.682	   0.625	   0.647	   0.613	   0.636	   0.578	   0.626	   0.641	   0.659	  
M	   65+	   53	   0.652	   0.708	   0.609	   0.700	   0.590	   0.630	   0.567	   0.616	   0.650	   0.688	  
M	   65+	   54	   0.694	   0.720	   0.636	   0.669	   0.574	   0.667	   0.576	   0.670	   0.643	   0.653	  
M	   65+	   55	   0.641	   0.689	   0.697	   0.736	   0.699	   0.726	   NaN	   NaN	   0.667	   0.701	  
M	   65+	   56	   0.647	   0.691	   0.620	   0.628	   0.587	   0.617	   0.568	   0.650	   0.615	   0.616	  
M	   65+	   57	   0.677	   0.691	   0.683	   0.695	   0.596	   0.616	   NaN	   NaN	   0.656	   0.672	  
M	   65+	   58	   0.705	   0.706	   0.704	   0.705	   0.711	   0.713	   0.688	   0.700	   0.689	   0.698	  
M	   65+	   59	   0.698	   0.702	   0.670	   0.701	   0.665	   0.671	   0.657	   0.676	   0.647	   0.666	  
M	   65+	   60	   0.702	   0.708	   0.646	   0.655	   0.587	   0.624	   0.541	   0.598	   0.651	   0.680	  
Gender	   Groups	   Subjects	   W3	   W3S	   N3	   N3S	   N32	   N32S	   N33	   N33S	   R3	   R3S	  
F	   20-­‐39	   1	   0.621	   0.715	   0.627	   0.659	   0.586	   0.604	   0.526	   0.556	   0.633	   0.648	  
F	   20-­‐39	   2	   0.627	   0.701	   0.594	   0.625	   0.561	   0.584	   NaN	   NaN	   0.586	   0.605	  
F	   20-­‐39	   3	   0.639	   0.699	   0.653	   0.711	   0.645	   0.673	   0.629	   0.647	   0.641	   0.665	  
F	   20-­‐39	   4	   0.647	   0.712	   0.591	   0.643	   0.575	   0.616	   0.562	   0.615	   0.600	   0.631	  
F	   20-­‐39	   5	   0.687	   0.803	   0.655	   0.764	   0.591	   0.611	   0.616	   0.643	   0.619	   0.661	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F	   40-­‐60	   6	   0.634	   0.717	   0.606	   0.634	   0.533	   0.557	   0.491	   0.590	   0.569	   0.606	  
F	   40-­‐60	   7	   0.670	   0.683	   0.656	   0.682	   0.572	   0.588	   0.514	   0.564	   0.627	   0.644	  
F	   40-­‐60	   8	   0.587	   0.608	   0.644	   0.650	   0.615	   0.633	   0.599	   0.624	   0.633	   0.666	  
F	   40-­‐60	   9	   0.631	   0.660	   0.651	   0.661	   0.589	   0.621	   0.565	   0.606	   0.657	   0.689	  
F	   40-­‐60	   10	   0.639	   0.651	   0.654	   0.657	   0.648	   0.659	   0.678	   0.698	   0.659	   0.677	  
F	   40-­‐60	   11	   0.575	   0.603	   0.642	   0.659	   0.584	   0.597	   NaN	   NaN	   0.626	   0.635	  
F	   40-­‐60	   12	   0.673	   0.705	   0.640	   0.656	   0.626	   0.644	   0.632	   0.661	   0.657	   0.667	  
F	   40-­‐60	   13	   0.630	   0.658	   0.638	   0.665	   0.609	   0.624	   0.587	   0.618	   0.661	   0.680	  
F	   40-­‐60	   14	   0.671	   0.738	   0.690	   0.718	   0.676	   0.713	   0.664	   0.704	   0.695	   0.720	  
F	   40-­‐60	   15	   0.686	   0.728	   0.674	   0.680	   0.648	   0.649	   0.670	   0.685	   0.682	   0.701	  
F	   40-­‐60	   16	   0.654	   0.756	   0.620	   0.625	   0.586	   0.601	   0.581	   0.604	   0.627	   0.626	  
F	   40-­‐60	   17	   0.583	   0.768	   0.599	   0.627	   0.563	   0.632	   0.550	   0.633	   0.609	   0.638	  
F	   65+	   18	   0.676	   0.696	   0.632	   0.616	   0.609	   0.619	   0.618	   0.650	   0.629	   0.639	  
F	   65+	   19	   0.644	   0.701	   0.656	   0.675	   0.641	   0.660	   0.641	   0.677	   0.657	   0.667	  
F	   65+	   20	   0.692	   0.732	   0.659	   0.662	   0.676	   0.708	   0.686	   0.726	   0.683	   0.699	  
F	   65+	   21	   0.662	   0.713	   0.621	   0.661	   0.600	   0.638	   0.576	   0.637	   0.645	   0.668	  
F	   65+	   22	   0.686	   0.702	   0.663	   0.669	   0.631	   0.659	   0.613	   0.669	   0.644	   0.671	  
F	   65+	   23	   0.708	   0.763	   0.672	   0.720	   0.582	   0.615	   0.560	   0.635	   0.617	   0.652	  
F	   65+	   24	   0.685	   0.713	   0.628	   0.671	   0.604	   0.639	   NaN	   NaN	   0.622	   0.623	  
F	   65+	   25	   0.655	   0.701	   0.681	   0.695	   0.602	   0.619	   0.584	   0.605	   0.652	   0.665	  
F	   65+	   26	   0.678	   0.688	   0.680	   0.694	   0.647	   0.672	   0.618	   0.689	   0.686	   0.700	  
F	   65+	   27	   0.670	   0.691	   0.655	   0.653	   0.617	   0.627	   NaN	   NaN	   0.639	   0.638	  
F	   65+	   28	   0.661	   0.686	   0.631	   0.648	   0.611	   0.637	   0.645	   0.722	   0.566	   0.597	  
F	   65+	   29	   0.631	   0.657	   0.645	   0.662	   0.601	   0.620	   0.581	   0.615	   0.623	   0.629	  
M	   20-­‐39	   30	   0.659	   0.698	   0.638	   0.658	   0.614	   0.640	   0.563	   0.699	   0.634	   0.661	  
M	   20-­‐39	   31	   0.645	   0.719	   0.616	   0.739	   0.586	   0.628	   0.534	   0.603	   0.621	   0.656	  
M	   20-­‐39	   32	   0.706	   0.744	   0.674	   0.711	   0.652	   0.673	   0.617	   0.634	   0.660	   0.683	  
M	   20-­‐39	   33	   0.654	   0.667	   0.642	   0.652	   0.628	   0.605	   NaN	   NaN	   0.635	   0.613	  
M	   20-­‐39	   34	   0.659	   0.685	   0.615	   0.631	   0.584	   0.610	   0.553	   0.617	   0.616	   0.650	  
M	   20-­‐39	   35	   0.625	   0.704	   0.643	   0.700	   0.609	   0.664	   0.561	   0.595	   0.654	   0.690	  
M	   20-­‐39	   36	   0.715	   0.716	   0.667	   0.699	   0.665	   0.675	   0.571	   0.615	   0.664	   0.678	  
M	   20-­‐39	   37	   0.673	   0.691	   0.654	   0.657	   0.621	   0.635	   0.628	   0.665	   0.641	   0.642	  
M	   20-­‐39	   38	   0.717	   0.791	   0.671	   0.749	   0.659	   0.735	   0.658	   0.884	   0.625	   0.701	  
M	   20-­‐39	   39	   0.579	   0.608	   0.625	   0.628	   0.619	   0.641	   0.582	   0.614	   0.617	   0.655	  
M	   20-­‐39	   40	   0.626	   0.667	   0.656	   0.691	   0.598	   0.618	   0.596	   0.655	   0.635	   0.668	  
M	   20-­‐39	   41	   0.645	   0.693	   0.622	   0.680	   0.575	   0.586	   0.561	   0.587	   0.619	   0.632	  
M	   20-­‐39	   42	   0.612	   0.634	   0.647	   0.680	   0.615	   0.623	   NaN	   NaN	   0.645	   0.685	  
M	   20-­‐39	   43	   0.653	   0.682	   0.662	   0.665	   0.623	   0.652	   0.590	   0.671	   0.668	   0.699	  
M	   40-­‐60	   44	   0.585	   0.640	   0.621	   0.635	   0.618	   0.645	   0.591	   0.624	   0.629	   0.671	  
M	   40-­‐60	   45	   0.675	   0.704	   0.652	   0.744	   0.625	   0.667	   0.574	   0.625	   0.636	   0.658	  
M	   40-­‐60	   46	   0.666	   0.680	   0.628	   0.640	   0.585	   0.613	   0.544	   0.607	   0.644	   0.662	  
M	   40-­‐60	   47	   0.674	   0.687	   0.661	   0.657	   0.639	   0.652	   NaN	   NaN	   0.667	   0.683	  
M	   40-­‐60	   48	   0.614	   0.641	   0.676	   0.675	   0.606	   0.617	   NaN	   NaN	   0.654	   0.668	  
M	   40-­‐60	   49	   0.575	   0.644	   0.572	   0.704	   0.544	   0.673	   0.604	   0.631	   0.573	   0.627	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M	   65+	   50	   0.648	   0.670	   0.652	   0.649	   0.610	   0.627	   0.553	   0.645	   0.659	   0.665	  
M	   65+	   51	   0.697	   0.746	   0.681	   0.689	   0.631	   0.643	   NaN	   NaN	   0.697	   0.710	  
M	   65+	   52	   0.666	   0.680	   0.644	   0.654	   0.605	   0.620	   0.582	   0.612	   0.641	   0.646	  
M	   65+	   53	   0.693	   0.761	   0.633	   0.664	   0.583	   0.604	   0.523	   0.560	   0.632	   0.689	  
M	   65+	   54	   0.686	   0.719	   0.655	   0.675	   0.581	   0.622	   NaN	   NaN	   0.647	   0.649	  
M	   65+	   55	   0.690	   0.744	   0.695	   0.740	   0.691	   0.738	   NaN	   NaN	   0.672	   0.753	  
M	   65+	   56	   0.647	   0.664	   0.619	   0.628	   0.583	   0.606	   0.561	   0.605	   0.628	   0.635	  
M	   65+	   57	   0.624	   0.653	   0.643	   0.656	   0.606	   0.622	   0.562	   0.610	   0.626	   0.640	  
M	   65+	   58	   0.701	   0.715	   0.692	   0.702	   0.670	   0.683	   0.683	   0.685	   0.691	   0.707	  
M	   65+	   59	   0.706	   0.712	   0.686	   0.693	   0.656	   0.669	   NaN	   NaN	   0.630	   0.651	  
M	   65+	   60	   0.646	   0.687	   0.621	   0.651	   0.566	   0.610	   0.554	   0.572	   0.651	   0.654	  
	  
Appendix	   13.	   Averaged	   LZC	   (Td	   =	  median)	   values	   of	   all	   16	   subjects	   in	   different	   VS.	   PLZC	   values	   were	  
averaged	   into	  thirds	  (1-­‐3)	  of	  the	  whole	  night	  and	  grouped	   into	  5	  different	  VS.	  VS	  were	  denoted	  as;	  W:	  
wakefulness,	  N1:	  NREM	  sleep	  stage	  1,	  N2:	  NREM	  sleep	  stage	  2,	  N3:	  NREM	  sleep	  stage	  3,	  R:	  REM	  sleep.	  
Groups	  were	  denoted	  as;	  	  1:	  Placebo,	  2:	  Melatonin	  (2mg),	  3:	  Temazepam	  (20mg)	  and	  4:	  Zolpidem(10mg).	  
Complexity	  values	  obtained	  from	  C3	  were	  tabulated.	  
Groups	   Subjects	   W1	   W1S	   N1	   N1S	   N2	   N2S	   N3	   N3S	   R1	   R1S	  
1.000	   1.000	   0.263	   0.283	   0.214	   0.202	   0.262	   0.261	   0.223	   0.230	   0.159	   0.150	  
1.000	   2.000	   0.231	   0.245	   0.283	   0.314	   0.233	   0.247	   0.224	   0.227	   0.146	   0.141	  
1.000	   3.000	   0.329	   0.314	   0.294	   0.264	   0.292	   0.268	   0.305	   0.295	   NaN	   NaN	  
1.000	   4.000	   0.241	   0.255	   0.244	   0.240	   0.269	   0.261	   0.233	   0.208	   0.263	   0.272	  
1.000	   5.000	   0.261	   0.260	   0.258	   0.244	   0.245	   0.240	   0.269	   0.257	   0.212	   0.212	  
1.000	   6.000	   0.221	   0.221	   0.335	   0.288	   0.347	   0.317	   0.218	   0.214	   NaN	   NaN	  
1.000	   7.000	   0.384	   0.337	   0.304	   0.279	   0.330	   0.314	   0.243	   0.237	   0.212	   0.202	  
1.000	   8.000	   0.268	   0.260	   0.297	   0.312	   0.250	   0.256	   0.217	   0.211	   0.213	   0.204	  
1.000	   9.000	   0.241	   0.342	   0.277	   0.282	   0.321	   0.324	   0.268	   0.266	   0.236	   0.245	  
1.000	   10.000	   0.328	   0.324	   0.306	   0.306	   0.289	   0.278	   0.236	   0.230	   0.267	   0.238	  
1.000	   11.000	   0.272	   0.259	   0.269	   0.258	   0.289	   0.276	   0.305	   0.292	   0.253	   0.240	  
1.000	   12.000	   0.232	   0.213	   0.256	   0.263	   0.274	   0.269	   0.191	   0.183	   0.178	   0.164	  
1.000	   13.000	   0.196	   0.190	   0.226	   0.212	   0.225	   0.240	   0.227	   0.208	   0.149	   0.141	  
1.000	   14.000	   0.214	   0.253	   0.257	   0.314	   0.304	   0.319	   0.229	   0.234	   0.188	   0.188	  
1.000	   15.000	   0.153	   0.133	   0.166	   0.152	   0.147	   0.148	   0.125	   0.135	   0.139	   0.142	  
1.000	   16.000	   0.300	   0.352	   0.232	   0.250	   0.238	   0.230	   0.244	   0.234	   0.155	   0.138	  
2.000	   1.000	   0.233	   0.231	   0.226	   0.213	   0.220	   0.211	   0.225	   0.222	   0.127	   0.128	  
2.000	   2.000	   0.277	   0.312	   0.254	   0.289	   0.208	   0.207	   0.210	   0.204	   0.171	   0.165	  
2.000	   3.000	   0.309	   0.289	   0.290	   0.272	   0.312	   0.293	   0.304	   0.297	   NaN	   NaN	  
2.000	   4.000	   0.232	   0.218	   0.238	   0.252	   0.247	   0.258	   0.208	   0.186	   0.041	   0.060	  
2.000	   5.000	   0.324	   0.315	   0.295	   0.284	   0.291	   0.281	   0.273	   0.267	   0.249	   0.236	  
2.000	   6.000	   0.317	   0.284	   0.304	   0.270	   0.312	   0.292	   0.266	   0.251	   NaN	   NaN	  
2.000	   7.000	   0.274	   0.318	   0.264	   0.295	   0.300	   0.294	   0.299	   0.293	   0.229	   0.216	  
2.000	   8.000	   0.281	   0.267	   0.251	   0.233	   0.267	   0.265	   0.266	   0.249	   0.225	   0.221	  
2.000	   9.000	   0.276	   0.245	   0.286	   0.289	   0.270	   0.275	   0.238	   0.229	   0.285	   0.262	  
2.000	   10.000	   0.376	   0.376	   0.357	   0.345	   0.307	   0.289	   0.373	   0.368	   NaN	   NaN	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2.000	   11.000	   0.240	   0.254	   0.282	   0.255	   0.236	   0.214	   0.216	   0.195	   0.283	   0.262	  
2.000	   12.000	   0.184	   0.192	   0.195	   0.203	   0.191	   0.200	   0.194	   0.185	   0.159	   0.157	  
2.000	   13.000	   0.232	   0.228	   0.230	   0.213	   0.256	   0.238	   0.216	   0.206	   0.261	   0.260	  
2.000	   14.000	   0.256	   0.276	   0.247	   0.244	   0.219	   0.211	   0.240	   0.229	   0.237	   0.233	  
2.000	   15.000	   0.357	   0.345	   0.323	   0.286	   0.275	   0.261	   0.257	   0.256	   0.305	   0.274	  
3.000	   1.000	   0.224	   0.204	   0.183	   0.175	   0.202	   0.199	   0.208	   0.206	   0.136	   0.130	  
3.000	   2.000	   0.287	   0.296	   0.218	   0.237	   0.222	   0.233	   0.194	   0.198	   0.086	   0.106	  
3.000	   3.000	   0.307	   0.290	   0.291	   0.272	   0.269	   0.249	   0.272	   0.252	   0.193	   0.188	  
3.000	   4.000	   0.279	   0.270	   0.253	   0.250	   0.269	   0.269	   0.267	   0.248	   0.130	   0.139	  
3.000	   5.000	   0.338	   0.323	   0.307	   0.272	   0.273	   0.252	   0.274	   0.269	   0.231	   0.212	  
3.000	   6.000	   0.230	   0.257	   0.284	   0.259	   0.306	   0.296	   0.258	   0.256	   NaN	   NaN	  
3.000	   7.000	   0.272	   0.301	   0.283	   0.254	   0.303	   0.296	   0.260	   0.250	   NaN	   NaN	  
3.000	   8.000	   0.325	   0.290	   0.305	   0.292	   0.255	   0.255	   0.253	   0.248	   0.271	   0.266	  
3.000	   9.000	   0.176	   0.254	   0.224	   0.239	   0.248	   0.249	   0.215	   0.217	   0.190	   0.185	  
3.000	   10.000	   0.303	   0.296	   0.347	   0.296	   0.314	   0.291	   0.267	   0.261	   0.305	   0.302	  
3.000	   11.000	   0.196	   0.203	   0.214	   0.177	   0.189	   0.182	   0.228	   0.216	   0.216	   0.184	  
3.000	   12.000	   0.186	   0.164	   0.194	   0.180	   0.221	   0.225	   0.193	   0.187	   0.198	   0.239	  
3.000	   13.000	   0.265	   0.246	   0.210	   0.195	   0.234	   0.224	   0.232	   0.221	   0.134	   0.138	  
3.000	   14.000	   0.333	   0.356	   0.270	   0.272	   0.276	   0.291	   0.206	   0.209	   0.301	   0.292	  
3.000	   15.000	   0.280	   0.275	   0.234	   0.240	   0.217	   0.221	   0.197	   0.195	   0.226	   0.225	  
3.000	   16.000	   0.443	   0.395	   0.323	   0.290	   0.271	   0.260	   0.283	   0.276	   0.185	   0.187	  
4.000	   1.000	   0.320	   0.362	   0.218	   0.235	   0.223	   0.223	   0.208	   0.211	   0.136	   0.126	  
4.000	   2.000	   0.237	   0.210	   0.221	   0.204	   0.174	   0.161	   0.150	   0.151	   0.102	   0.097	  
4.000	   3.000	   0.261	   0.251	   0.244	   0.214	   0.222	   0.197	   0.210	   0.170	   NaN	   NaN	  
4.000	   4.000	   0.247	   0.264	   0.272	   0.302	   0.267	   0.284	   0.219	   0.208	   0.125	   0.127	  
4.000	   5.000	   0.234	   0.231	   0.200	   0.200	   0.160	   0.156	   0.167	   0.167	   0.240	   0.222	  
4.000	   6.000	   0.329	   0.323	   0.384	   0.376	   0.308	   0.300	   0.261	   0.258	   NaN	   NaN	  
4.000	   7.000	   0.270	   0.293	   0.270	   0.239	   0.284	   0.255	   0.277	   0.262	   0.229	   0.211	  
4.000	   8.000	   0.358	   0.354	   0.245	   0.244	   0.250	   0.234	   0.249	   0.247	   0.250	   0.262	  
4.000	   9.000	   0.331	   0.336	   0.217	   0.224	   0.236	   0.239	   0.181	   0.183	   0.173	   0.175	  
4.000	   10.000	   0.252	   0.244	   0.206	   0.214	   0.162	   0.164	   0.162	   0.165	   0.217	   0.210	  
4.000	   11.000	   0.290	   0.263	   0.302	   0.278	   0.246	   0.217	   0.287	   0.271	   0.247	   0.203	  
4.000	   12.000	   0.301	   0.286	   0.230	   0.219	   0.208	   0.197	   0.208	   0.198	   NaN	   NaN	  
4.000	   13.000	   0.352	   0.355	   0.265	   0.253	   0.237	   0.227	   0.195	   0.190	   0.294	   0.280	  
4.000	   14.000	   0.304	   0.334	   0.286	   0.266	   0.315	   0.320	   0.242	   0.241	   0.207	   0.214	  
4.000	   15.000	   0.276	   0.295	   0.214	   0.221	   0.224	   0.222	   0.267	   0.257	   0.186	   0.180	  
4.000	   16.000	   0.326	   0.269	   0.295	   0.296	   0.236	   0.225	   0.185	   0.174	   0.273	   0.258	  
Groups	   Subjects	   W2	   W2S	   N2	   N2S	   N22	   N22S	   N23	   N23S	   R2	   R2S	  
1.000	   1.000	   0.333	   0.359	   0.289	   0.291	   0.299	   0.319	   NaN	   NaN	   0.259	   0.236	  
1.000	   2.000	   0.208	   0.190	   0.210	   0.225	   0.218	   0.218	   0.160	   0.148	   0.096	   0.096	  
1.000	   3.000	   0.284	   0.260	   0.227	   0.203	   0.234	   0.221	   0.233	   0.220	   0.249	   0.240	  
1.000	   4.000	   0.227	   0.217	   0.242	   0.246	   0.235	   0.226	   0.205	   0.190	   0.146	   0.154	  
1.000	   5.000	   0.192	   0.166	   0.206	   0.189	   0.238	   0.226	   0.188	   0.183	   0.159	   0.146	  
1.000	   6.000	   0.246	   0.234	   0.253	   0.235	   0.272	   0.253	   0.270	   0.265	   0.285	   0.263	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1.000	   7.000	   0.352	   0.324	   0.360	   0.342	   0.343	   0.328	   NaN	   NaN	   0.351	   0.330	  
1.000	   8.000	   0.193	   0.195	   0.223	   0.214	   0.238	   0.233	   0.192	   0.195	   0.257	   0.243	  
1.000	   9.000	   0.272	   0.301	   0.264	   0.246	   0.288	   0.277	   0.292	   0.363	   0.280	   0.265	  
1.000	   10.000	   0.381	   0.363	   0.268	   0.273	   0.330	   0.327	   0.245	   0.237	   0.226	   0.212	  
1.000	   11.000	   0.253	   0.223	   0.237	   0.224	   0.232	   0.219	   0.260	   0.243	   0.222	   0.209	  
1.000	   12.000	   0.242	   0.229	   0.236	   0.220	   0.239	   0.212	   0.184	   0.176	   0.267	   0.248	  
1.000	   13.000	   0.180	   0.171	   0.212	   0.205	   0.232	   0.222	   0.206	   0.198	   0.192	   0.181	  
1.000	   14.000	   0.283	   0.289	   0.315	   0.316	   0.321	   0.319	   NaN	   NaN	   0.253	   0.251	  
1.000	   15.000	   0.209	   0.221	   0.272	   0.289	   0.129	   0.144	   0.076	   0.107	   0.170	   0.176	  
1.000	   16.000	   0.178	   0.164	   0.182	   0.163	   0.141	   0.119	   0.198	   0.129	   0.225	   0.202	  
2.000	   1.000	   0.236	   0.235	   0.140	   0.134	   0.196	   0.188	   0.242	   0.219	   0.248	   0.253	  
2.000	   2.000	   0.148	   0.142	   0.160	   0.142	   0.129	   0.116	   0.100	   0.069	   0.156	   0.142	  
2.000	   3.000	   0.271	   0.261	   0.262	   0.256	   0.264	   0.260	   0.244	   0.235	   0.202	   0.194	  
2.000	   4.000	   0.128	   0.142	   0.082	   0.135	   0.140	   0.146	   0.146	   0.144	   0.106	   0.117	  
2.000	   5.000	   0.275	   0.267	   0.279	   0.260	   0.293	   0.275	   0.246	   0.240	   0.241	   0.218	  
2.000	   6.000	   0.355	   0.327	   0.338	   0.324	   0.294	   0.275	   0.244	   0.242	   0.269	   0.258	  
2.000	   7.000	   0.296	   0.284	   0.290	   0.296	   0.318	   0.306	   0.268	   0.258	   0.264	   0.254	  
2.000	   8.000	   0.261	   0.260	   0.244	   0.222	   0.265	   0.258	   0.256	   0.265	   0.261	   0.262	  
2.000	   9.000	   0.257	   0.237	   0.258	   0.239	   0.285	   0.267	   NaN	   NaN	   0.268	   0.250	  
2.000	   10.000	   0.382	   0.378	   0.299	   0.299	   0.289	   0.288	   0.284	   0.276	   0.280	   0.275	  
2.000	   11.000	   0.274	   0.238	   0.279	   0.244	   0.229	   0.210	   0.180	   0.169	   0.311	   0.287	  
2.000	   12.000	   0.170	   0.175	   0.196	   0.187	   0.196	   0.196	   0.195	   0.191	   0.192	   0.192	  
2.000	   13.000	   0.303	   0.288	   0.302	   0.297	   0.276	   0.261	   0.192	   0.186	   0.259	   0.252	  
2.000	   14.000	   0.226	   0.222	   0.233	   0.216	   0.231	   0.217	   0.245	   0.243	   0.234	   0.222	  
2.000	   15.000	   0.375	   0.361	   0.326	   0.310	   0.352	   0.342	   0.334	   0.332	   0.334	   0.320	  
3.000	   1.000	   0.242	   0.224	   0.254	   0.237	   0.243	   0.225	   0.217	   0.222	   0.166	   0.151	  
3.000	   2.000	   0.217	   0.226	   0.185	   0.187	   0.135	   0.141	   0.119	   0.135	   0.077	   0.079	  
3.000	   3.000	   0.274	   0.229	   0.274	   0.254	   0.271	   0.267	   0.252	   0.246	   0.254	   0.245	  
3.000	   4.000	   0.231	   0.205	   0.215	   0.194	   0.256	   0.239	   0.258	   0.232	   0.205	   0.188	  
3.000	   5.000	   0.276	   0.257	   0.261	   0.262	   0.264	   0.248	   0.245	   0.240	   0.251	   0.244	  
3.000	   6.000	   0.251	   0.246	   0.335	   0.329	   0.333	   0.315	   0.320	   0.321	   0.344	   0.329	  
3.000	   7.000	   0.292	   0.273	   0.308	   0.290	   0.336	   0.328	   NaN	   NaN	   0.304	   0.298	  
3.000	   8.000	   0.326	   0.316	   0.250	   0.243	   0.236	   0.222	   0.105	   0.113	   0.276	   0.271	  
3.000	   9.000	   0.232	   0.219	   0.276	   0.262	   0.265	   0.255	   0.289	   0.279	   0.271	   0.256	  
3.000	   10.000	   0.289	   0.297	   0.318	   0.301	   0.299	   0.287	   0.237	   0.232	   NaN	   NaN	  
3.000	   11.000	   NaN	   NaN	   0.156	   0.139	   0.179	   0.166	   0.156	   0.150	   0.140	   0.139	  
3.000	   12.000	   0.233	   0.234	   0.237	   0.226	   0.228	   0.225	   0.212	   0.202	   0.238	   0.226	  
3.000	   13.000	   0.148	   0.131	   0.208	   0.199	   0.284	   0.265	   0.217	   0.207	   0.277	   0.265	  
3.000	   14.000	   0.292	   0.280	   0.300	   0.313	   0.296	   0.298	   0.185	   0.176	   0.279	   0.272	  
3.000	   15.000	   0.215	   0.230	   0.209	   0.199	   0.198	   0.185	   0.195	   0.187	   0.208	   0.190	  
3.000	   16.000	   0.252	   0.255	   0.278	   0.264	   0.335	   0.322	   0.212	   0.216	   0.268	   0.257	  
4.000	   1.000	   0.267	   0.283	   0.276	   0.268	   0.268	   0.273	   0.221	   0.206	   0.191	   0.195	  
4.000	   2.000	   0.093	   0.085	   0.099	   0.084	   0.119	   0.104	   0.149	   0.140	   0.120	   0.099	  
4.000	   3.000	   0.252	   0.246	   0.192	   0.175	   0.210	   0.191	   0.200	   0.194	   0.156	   0.142	  
Appendices	  	  
167	  
Pinar	  Deniz	  Tosun,	  2018	  
4.000	   4.000	   0.272	   0.259	   0.268	   0.239	   0.188	   0.177	   0.205	   0.196	   0.185	   0.157	  
4.000	   5.000	   0.254	   0.220	   0.219	   0.205	   0.219	   0.197	   0.165	   0.155	   0.186	   0.176	  
4.000	   6.000	   0.372	   0.366	   0.274	   0.277	   0.267	   0.270	   0.229	   0.232	   0.268	   0.263	  
4.000	   7.000	   0.269	   0.266	   0.264	   0.256	   0.276	   0.269	   0.294	   0.292	   0.218	   0.222	  
4.000	   8.000	   0.226	   0.225	   0.244	   0.242	   0.244	   0.247	   0.202	   0.205	   0.270	   0.266	  
4.000	   9.000	   0.259	   0.242	   0.249	   0.243	   0.246	   0.238	   NaN	   NaN	   0.233	   0.228	  
4.000	   10.000	   0.207	   0.205	   0.154	   0.135	   0.196	   0.202	   0.210	   0.213	   0.200	   0.212	  
4.000	   11.000	   0.312	   0.285	   0.264	   0.236	   0.234	   0.220	   0.207	   0.184	   0.249	   0.237	  
4.000	   12.000	   0.243	   0.234	   0.230	   0.234	   0.242	   0.240	   0.237	   0.234	   0.194	   0.189	  
4.000	   13.000	   0.174	   0.161	   0.266	   0.242	   0.291	   0.276	   0.185	   0.178	   0.263	   0.242	  
4.000	   14.000	   0.304	   0.304	   0.276	   0.275	   0.317	   0.326	   NaN	   NaN	   0.285	   0.282	  
4.000	   15.000	   0.220	   0.210	   0.205	   0.196	   0.221	   0.213	   0.294	   0.277	   0.178	   0.178	  
4.000	   16.000	   0.346	   0.336	   0.320	   0.303	   0.287	   0.273	   0.195	   0.184	   0.303	   0.275	  
Groups	   Subjects	   W3	   W3S	   N3	   N3S	   N32	   N32S	   N33	   N33S	   R3	   R3S	  
1.000	   1.000	   0.339	   0.349	   0.326	   0.318	   0.258	   0.254	   0.222	   0.219	   0.188	   0.178	  
1.000	   2.000	   0.117	   0.096	   0.124	   0.108	   0.120	   0.094	   NaN	   NaN	   0.095	   0.073	  
1.000	   3.000	   0.268	   0.251	   0.271	   0.249	   0.255	   0.237	   0.290	   0.280	   0.262	   0.236	  
1.000	   4.000	   0.241	   0.222	   0.213	   0.216	   0.242	   0.229	   0.254	   0.237	   0.225	   0.215	  
1.000	   5.000	   0.233	   0.218	   0.233	   0.224	   0.209	   0.185	   NaN	   NaN	   0.223	   0.207	  
1.000	   6.000	   0.296	   0.264	   0.274	   0.243	   0.277	   0.250	   0.270	   0.250	   0.261	   0.234	  
1.000	   7.000	   0.329	   0.329	   0.320	   0.314	   0.336	   0.320	   0.326	   0.351	   0.292	   0.263	  
1.000	   8.000	   0.221	   0.217	   0.197	   0.196	   0.195	   0.195	   NaN	   NaN	   0.264	   0.264	  
1.000	   9.000	   0.289	   0.271	   0.315	   0.301	   0.299	   0.279	   NaN	   NaN	   0.300	   0.288	  
1.000	   10.000	   0.273	   0.273	   0.322	   0.310	   0.264	   0.252	   0.238	   0.246	   0.327	   0.319	  
1.000	   11.000	   0.262	   0.228	   0.252	   0.221	   0.253	   0.226	   0.252	   0.234	   0.260	   0.234	  
1.000	   12.000	   0.294	   0.279	   0.266	   0.254	   0.255	   0.240	   NaN	   NaN	   0.276	   0.258	  
1.000	   13.000	   0.219	   0.196	   0.252	   0.249	   0.239	   0.223	   0.234	   0.216	   0.161	   0.150	  
1.000	   14.000	   0.267	   0.264	   0.300	   0.302	   0.322	   0.312	   NaN	   NaN	   0.319	   0.311	  
1.000	   15.000	   0.369	   0.431	   0.355	   0.402	   0.356	   0.425	   0.254	   0.536	   0.339	   0.426	  
1.000	   16.000	   0.308	   0.281	   0.318	   0.322	   0.295	   0.300	   0.247	   0.228	   0.218	   0.201	  
2.000	   1.000	   0.284	   0.286	   0.226	   0.214	   0.246	   0.236	   0.233	   0.225	   0.259	   0.258	  
2.000	   2.000	   0.143	   0.133	   0.128	   0.122	   0.104	   0.088	   0.071	   0.062	   0.056	   0.062	  
2.000	   3.000	   0.319	   0.308	   0.334	   0.318	   0.299	   0.286	   0.291	   0.287	   0.310	   0.305	  
2.000	   4.000	   0.231	   0.206	   0.199	   0.177	   0.217	   0.204	   0.046	   0.068	   0.204	   0.186	  
2.000	   5.000	   0.255	   0.241	   0.266	   0.238	   0.288	   0.275	   0.273	   0.268	   0.263	   0.236	  
2.000	   6.000	   0.276	   0.244	   0.263	   0.234	   0.269	   0.259	   0.207	   0.213	   0.276	   0.261	  
2.000	   7.000	   0.314	   0.309	   0.327	   0.320	   0.311	   0.296	   0.266	   0.233	   0.306	   0.292	  
2.000	   8.000	   0.235	   0.216	   0.231	   0.206	   0.259	   0.250	   0.261	   0.252	   0.242	   0.233	  
2.000	   9.000	   0.297	   0.267	   0.248	   0.246	   0.249	   0.239	   NaN	   NaN	   0.248	   0.236	  
2.000	   10.000	   0.421	   0.416	   0.382	   0.367	   0.339	   0.328	   0.301	   0.297	   0.332	   0.323	  
2.000	   11.000	   0.312	   0.295	   0.268	   0.229	   0.257	   0.233	   0.098	   0.097	   0.307	   0.296	  
2.000	   12.000	   0.206	   0.201	   0.197	   0.186	   0.181	   0.181	   0.159	   0.208	   0.201	   0.192	  
2.000	   13.000	   0.201	   0.187	   0.238	   0.225	   0.254	   0.232	   0.179	   0.176	   0.260	   0.245	  
2.000	   14.000	   0.206	   0.202	   0.217	   0.213	   0.227	   0.220	   0.233	   0.215	   0.199	   0.186	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2.000	   15.000	   0.364	   0.361	   0.397	   0.386	   0.383	   0.375	   0.291	   0.277	   0.332	   0.325	  
3.000	   1.000	   0.277	   0.267	   0.277	   0.255	   0.273	   0.253	   0.262	   0.197	   0.231	   0.200	  
3.000	   2.000	   0.254	   0.182	   0.237	   0.215	   0.136	   0.122	   0.091	   0.081	   0.085	   0.079	  
3.000	   3.000	   0.286	   0.275	   0.295	   0.283	   0.302	   0.284	   0.307	   0.280	   0.293	   0.282	  
3.000	   4.000	   0.297	   0.244	   0.298	   0.275	   0.314	   0.292	   0.284	   0.262	   0.241	   0.224	  
3.000	   5.000	   0.281	   0.259	   0.312	   0.305	   0.316	   0.307	   NaN	   NaN	   0.271	   0.275	  
3.000	   6.000	   0.281	   0.269	   0.260	   0.258	   0.291	   0.284	   NaN	   NaN	   0.287	   0.278	  
3.000	   7.000	   0.318	   0.307	   0.344	   0.336	   0.332	   0.326	   NaN	   NaN	   0.318	   0.311	  
3.000	   8.000	   0.235	   0.226	   0.228	   0.233	   0.175	   0.170	   NaN	   NaN	   0.260	   0.237	  
3.000	   9.000	   0.227	   0.294	   0.262	   0.237	   0.262	   0.240	   NaN	   NaN	   0.257	   0.238	  
3.000	   10.000	   0.334	   0.309	   0.317	   0.314	   0.337	   0.329	   0.255	   0.251	   0.356	   0.339	  
3.000	   11.000	   0.203	   0.178	   0.205	   0.186	   0.216	   0.200	   0.199	   0.145	   0.180	   0.172	  
3.000	   12.000	   0.224	   0.205	   0.231	   0.215	   0.238	   0.228	   NaN	   NaN	   0.218	   0.198	  
3.000	   13.000	   0.294	   0.287	   0.235	   0.223	   0.300	   0.281	   0.264	   0.252	   0.203	   0.198	  
3.000	   14.000	   0.354	   0.389	   0.342	   0.347	   0.331	   0.336	   NaN	   NaN	   0.311	   0.308	  
3.000	   15.000	   0.228	   0.217	   0.243	   0.228	   0.213	   0.204	   0.187	   0.170	   0.178	   0.166	  
3.000	   16.000	   0.381	   0.348	   0.340	   0.328	   0.371	   0.360	   0.324	   0.320	   0.331	   0.318	  
4.000	   1.000	   0.293	   0.295	   0.265	   0.278	   0.281	   0.282	   NaN	   NaN	   0.278	   0.275	  
4.000	   2.000	   0.185	   0.165	   0.170	   0.157	   0.130	   0.118	   0.071	   0.066	   0.077	   0.068	  
4.000	   3.000	   0.192	   0.205	   0.213	   0.190	   0.185	   0.186	   0.113	   0.115	   0.174	   0.167	  
4.000	   4.000	   0.195	   0.207	   0.186	   0.166	   0.224	   0.212	   0.187	   0.179	   0.183	   0.172	  
4.000	   5.000	   0.166	   0.184	   0.127	   0.145	   0.140	   0.156	   0.073	   0.096	   0.162	   0.159	  
4.000	   6.000	   0.263	   0.272	   0.281	   0.268	   0.300	   0.297	   NaN	   NaN	   0.299	   0.287	  
4.000	   7.000	   0.317	   0.314	   0.316	   0.315	   0.302	   0.300	   NaN	   NaN	   0.294	   0.288	  
4.000	   8.000	   0.227	   0.226	   0.222	   0.212	   0.205	   0.197	   NaN	   NaN	   0.188	   0.197	  
4.000	   9.000	   0.267	   0.258	   0.292	   0.291	   0.261	   0.251	   NaN	   NaN	   0.285	   0.271	  
4.000	   10.000	   0.289	   0.292	   0.262	   0.253	   0.285	   0.287	   0.246	   0.253	   0.197	   0.193	  
4.000	   11.000	   0.224	   0.217	   0.243	   0.237	   0.243	   0.229	   0.211	   0.193	   0.221	   0.200	  
4.000	   12.000	   0.215	   0.181	   0.227	   0.211	   0.240	   0.237	   0.284	   0.276	   0.242	   0.241	  
4.000	   13.000	   0.321	   0.308	   0.310	   0.286	   0.280	   0.260	   NaN	   NaN	   0.281	   0.269	  
4.000	   14.000	   0.305	   0.302	   0.321	   0.322	   0.321	   0.334	   NaN	   NaN	   0.274	   0.276	  
4.000	   15.000	   0.255	   0.257	   0.213	   0.203	   0.228	   0.216	   0.217	   0.202	   0.213	   0.218	  
4.000	   16.000	   0.359	   0.349	   0.337	   0.323	   0.345	   0.319	   NaN	   NaN	   0.304	   0.270	  
	  
Appendix	   14.	   Averaged	   LZC	   (Td	   =	  median)	   values	   of	   all	   16	   subjects	   in	   different	   VS.	   PLZC	   values	   were	  
averaged	   into	  thirds	  (1-­‐3)	  of	  the	  whole	  night	  and	  grouped	   into	  5	  different	  VS.	  VS	  were	  denoted	  as;	  W:	  
wakefulness,	  N1:	  NREM	  sleep	  stage	  1,	  N2:	  NREM	  sleep	  stage	  2,	  N3:	  NREM	  sleep	  stage	  3,	  R:	  REM	  sleep.	  
Groups	  were	  denoted	  as;	  	  1:	  Placebo,	  2:	  Melatonin	  (2mg),	  3:	  Temazepam	  (20mg)	  and	  4:	  Zolpidem(10mg).	  
Complexity	  values	  obtained	  from	  O1	  were	  tabulated.	  
Group	   Subject	   W1	   W1S	   N1	   N1S	   N2	   N2S	   N3	   N3S	   R1	   R1S	  
1.000	   1.000	   0.221	   0.201	   0.192	   0.190	   0.241	   0.233	   0.216	   0.211	   0.152	   0.152	  
1.000	   2.000	   0.231	   0.229	   0.253	   0.236	   0.223	   0.216	   0.215	   0.207	   0.145	   0.138	  
1.000	   3.000	   0.343	   0.336	   0.290	   0.269	   0.287	   0.269	   0.295	   0.285	   NaN	   NaN	  
1.000	   4.000	   0.239	   0.236	   0.245	   0.248	   0.262	   0.252	   0.235	   0.219	   0.283	   0.266	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1.000	   5.000	   0.257	   0.241	   0.263	   0.238	   0.244	   0.236	   0.270	   0.249	   0.214	   0.210	  
1.000	   6.000	   0.219	   0.223	   0.317	   0.297	   0.338	   0.314	   0.217	   0.212	   NaN	   NaN	  
1.000	   7.000	   0.357	   0.317	   0.282	   0.258	   0.312	   0.298	   0.233	   0.226	   0.206	   0.205	  
1.000	   8.000	   0.286	   0.282	   0.296	   0.264	   0.254	   0.250	   0.227	   0.225	   0.258	   0.251	  
1.000	   9.000	   0.245	   0.321	   0.265	   0.277	   0.287	   0.290	   0.252	   0.262	   0.223	   0.233	  
1.000	   10.000	   0.316	   0.300	   0.311	   0.314	   0.291	   0.288	   0.245	   0.242	   0.284	   0.262	  
1.000	   11.000	   0.243	   0.231	   0.250	   0.239	   0.270	   0.255	   0.280	   0.269	   0.224	   0.213	  
1.000	   12.000	   0.229	   0.200	   0.250	   0.231	   0.255	   0.250	   0.182	   0.177	   0.173	   0.167	  
1.000	   13.000	   0.199	   0.197	   0.213	   0.202	   0.221	   0.226	   0.218	   0.204	   0.152	   0.142	  
1.000	   14.000	   0.211	   0.268	   0.254	   0.282	   0.302	   0.304	   0.238	   0.243	   0.208	   0.217	  
1.000	   15.000	   0.191	   0.160	   0.222	   0.196	   0.209	   0.196	   0.192	   0.180	   0.189	   0.178	  
1.000	   16.000	   0.332	   0.338	   0.232	   0.239	   0.242	   0.237	   0.236	   0.230	   0.142	   0.140	  
2.000	   1.000	   0.235	   0.202	   0.211	   0.186	   0.209	   0.201	   0.212	   0.204	   0.130	   0.138	  
2.000	   2.000	   0.270	   0.286	   0.258	   0.275	   0.201	   0.192	   0.214	   0.203	   0.170	   0.162	  
2.000	   3.000	   0.308	   0.293	   0.274	   0.246	   0.296	   0.268	   0.303	   0.282	   NaN	   NaN	  
2.000	   4.000	   0.244	   0.221	   0.230	   0.235	   0.251	   0.241	   0.208	   0.189	   0.061	   0.077	  
2.000	   5.000	   0.303	   0.284	   0.287	   0.262	   0.278	   0.261	   0.248	   0.244	   0.230	   0.216	  
2.000	   6.000	   0.278	   0.255	   0.282	   0.264	   0.300	   0.286	   0.260	   0.257	   NaN	   NaN	  
2.000	   7.000	   0.295	   0.330	   0.276	   0.284	   0.303	   0.290	   0.300	   0.291	   0.219	   0.215	  
2.000	   8.000	   0.288	   0.242	   0.257	   0.236	   0.280	   0.266	   0.260	   0.243	   0.229	   0.225	  
2.000	   9.000	   0.244	   0.226	   0.252	   0.238	   0.238	   0.236	   0.215	   0.208	   0.262	   0.251	  
2.000	   10.000	   0.345	   0.337	   0.309	   0.295	   0.290	   0.275	   0.334	   0.330	   NaN	   NaN	  
2.000	   11.000	   0.231	   0.231	   0.281	   0.246	   0.234	   0.206	   0.199	   0.179	   0.289	   0.286	  
2.000	   12.000	   0.230	   0.225	   0.206	   0.211	   0.206	   0.198	   0.211	   0.202	   0.183	   0.174	  
2.000	   13.000	   0.210	   0.232	   0.208	   0.198	   0.227	   0.215	   0.197	   0.191	   0.237	   0.224	  
2.000	   14.000	   0.242	   0.236	   0.211	   0.204	   0.206	   0.192	   0.220	   0.197	   0.236	   0.213	  
2.000	   15.000	   0.317	   0.287	   0.238	   0.206	   0.238	   0.225	   0.218	   0.213	   0.245	   0.231	  
3.000	   1.000	   0.196	   0.159	   0.171	   0.162	   0.191	   0.185	   0.194	   0.182	   0.135	   0.128	  
3.000	   2.000	   0.297	   0.287	   0.272	   0.247	   0.236	   0.226	   0.235	   0.227	   0.151	   0.153	  
3.000	   3.000	   0.366	   0.377	   0.304	   0.288	   0.281	   0.274	   0.280	   0.271	   0.192	   0.182	  
3.000	   4.000	   0.253	   0.234	   0.230	   0.198	   0.250	   0.222	   0.247	   0.214	   0.140	   0.144	  
3.000	   5.000	   0.312	   0.268	   0.263	   0.227	   0.250	   0.222	   0.261	   0.250	   0.214	   0.204	  
3.000	   6.000	   0.213	   0.263	   0.252	   0.231	   0.280	   0.285	   0.257	   0.263	   NaN	   NaN	  
3.000	   7.000	   0.258	   0.265	   0.274	   0.246	   0.310	   0.301	   0.264	   0.259	   NaN	   NaN	  
3.000	   8.000	   0.326	   0.309	   0.294	   0.269	   0.251	   0.237	   0.240	   0.233	   0.255	   0.249	  
3.000	   9.000	   0.172	   0.139	   0.185	   0.184	   0.199	   0.193	   0.206	   0.208	   0.189	   0.181	  
3.000	   10.000	   0.326	   0.325	   0.327	   0.293	   0.276	   0.274	   0.251	   0.247	   0.261	   0.259	  
3.000	   11.000	   0.221	   0.220	   0.282	   0.250	   0.220	   0.211	   0.250	   0.230	   0.211	   0.189	  
3.000	   12.000	   0.180	   0.159	   0.211	   0.206	   0.227	   0.229	   0.206	   0.216	   0.184	   0.210	  
3.000	   13.000	   0.223	   0.236	   0.174	   0.163	   0.204	   0.193	   0.200	   0.188	   0.125	   0.116	  
3.000	   14.000	   0.317	   0.294	   0.275	   0.268	   0.290	   0.289	   0.253	   0.244	   0.268	   0.275	  
3.000	   15.000	   0.243	   0.222	   0.193	   0.192	   0.184	   0.185	   0.181	   0.179	   0.217	   0.210	  
3.000	   16.000	   0.435	   0.382	   0.311	   0.282	   0.257	   0.239	   0.253	   0.240	   0.165	   0.160	  
4.000	   1.000	   0.284	   0.273	   0.195	   0.198	   0.197	   0.200	   0.190	   0.189	   0.137	   0.130	  
Appendices	  	  
170	  
Pinar	  Deniz	  Tosun,	  2018	  
4.000	   2.000	   0.250	   0.194	   0.205	   0.183	   0.165	   0.146	   0.164	   0.157	   0.132	   0.115	  
4.000	   3.000	   0.301	   0.286	   0.245	   0.224	   0.251	   0.236	   0.222	   0.200	   NaN	   NaN	  
4.000	   4.000	   0.238	   0.228	   0.285	   0.255	   0.244	   0.211	   0.217	   0.194	   0.129	   0.129	  
4.000	   5.000	   0.272	   0.247	   0.253	   0.237	   0.192	   0.172	   0.215	   0.207	   0.234	   0.238	  
4.000	   6.000	   0.315	   0.316	   0.361	   0.380	   0.299	   0.307	   0.274	   0.282	   NaN	   NaN	  
4.000	   7.000	   0.281	   0.295	   0.273	   0.249	   0.282	   0.252	   0.273	   0.258	   0.223	   0.214	  
4.000	   8.000	   0.442	   0.438	   0.272	   0.271	   0.249	   0.241	   0.249	   0.249	   0.229	   0.225	  
4.000	   9.000	   0.250	   0.232	   0.204	   0.199	   0.225	   0.215	   0.181	   0.178	   0.166	   0.163	  
4.000	   10.000	   0.293	   0.301	   0.225	   0.251	   0.222	   0.217	   0.250	   0.239	   0.252	   0.249	  
4.000	   11.000	   0.232	   0.207	   0.252	   0.230	   0.220	   0.188	   0.262	   0.236	   0.215	   0.184	  
4.000	   12.000	   0.266	   0.272	   0.229	   0.228	   0.208	   0.210	   0.204	   0.208	   NaN	   NaN	  
4.000	   13.000	   0.305	   0.342	   0.224	   0.210	   0.209	   0.204	   0.181	   0.180	   0.235	   0.219	  
4.000	   14.000	   0.294	   0.330	   0.292	   0.276	   0.293	   0.291	   0.226	   0.223	   0.198	   0.206	  
4.000	   15.000	   0.269	   0.248	   0.204	   0.200	   0.219	   0.209	   0.247	   0.231	   0.185	   0.180	  
4.000	   16.000	   0.304	   0.248	   0.272	   0.266	   0.210	   0.201	   0.160	   0.146	   0.227	   0.183	  
Group	   Subject	   W2	   W2S	   N2	   N2S	   N22	   N22S	   N23	   N23S	   R2	   R2S	  
1.000	   1.000	   0.263	   0.255	   0.222	   0.201	   0.230	   0.198	   NaN	   NaN	   0.208	   0.190	  
1.000	   2.000	   0.212	   0.188	   0.224	   0.190	   0.236	   0.213	   0.175	   0.166	   0.107	   0.107	  
1.000	   3.000	   0.287	   0.268	   0.231	   0.200	   0.230	   0.213	   0.229	   0.200	   0.243	   0.223	  
1.000	   4.000	   0.233	   0.221	   0.247	   0.229	   0.234	   0.224	   0.211	   0.201	   0.165	   0.175	  
1.000	   5.000	   0.135	   0.136	   0.153	   0.138	   0.224	   0.209	   0.133	   0.131	   0.133	   0.111	  
1.000	   6.000	   0.241	   0.233	   0.250	   0.243	   0.272	   0.262	   0.257	   0.268	   0.281	   0.266	  
1.000	   7.000	   0.340	   0.326	   0.337	   0.321	   0.330	   0.319	   NaN	   NaN	   0.345	   0.338	  
1.000	   8.000	   0.214	   0.197	   0.227	   0.223	   0.242	   0.238	   0.218	   0.209	   0.251	   0.236	  
1.000	   9.000	   0.240	   0.250	   0.265	   0.247	   0.264	   0.261	   0.267	   0.247	   0.251	   0.255	  
1.000	   10.000	   0.386	   0.378	   0.287	   0.296	   0.339	   0.339	   0.249	   0.238	   0.226	   0.220	  
1.000	   11.000	   0.218	   0.200	   0.222	   0.208	   0.223	   0.210	   0.240	   0.230	   0.207	   0.196	  
1.000	   12.000	   0.227	   0.212	   0.212	   0.186	   0.228	   0.206	   0.182	   0.182	   0.258	   0.243	  
1.000	   13.000	   0.181	   0.177	   0.230	   0.223	   0.253	   0.243	   0.211	   0.191	   0.191	   0.180	  
1.000	   14.000	   0.248	   0.251	   0.246	   0.234	   0.260	   0.241	   NaN	   NaN	   0.196	   0.200	  
1.000	   15.000	   0.193	   0.167	   0.216	   0.211	   0.193	   0.179	   0.177	   0.161	   0.173	   0.153	  
1.000	   16.000	   0.202	   0.177	   0.208	   0.180	   0.178	   0.158	   0.225	   0.171	   0.238	   0.209	  
2.000	   1.000	   0.249	   0.236	   0.135	   0.137	   0.194	   0.184	   0.250	   0.227	   0.237	   0.226	  
2.000	   2.000	   0.172	   0.160	   0.184	   0.168	   0.140	   0.123	   0.110	   0.088	   0.178	   0.167	  
2.000	   3.000	   0.243	   0.238	   0.232	   0.223	   0.238	   0.235	   0.217	   0.212	   0.188	   0.184	  
2.000	   4.000	   0.156	   0.167	   0.129	   0.141	   0.164	   0.166	   0.164	   0.156	   0.141	   0.140	  
2.000	   5.000	   0.240	   0.214	   0.267	   0.230	   0.266	   0.245	   0.231	   0.228	   0.229	   0.220	  
2.000	   6.000	   0.340	   0.323	   0.326	   0.330	   0.277	   0.267	   0.240	   0.242	   0.256	   0.241	  
2.000	   7.000	   0.298	   0.295	   0.295	   0.296	   0.335	   0.323	   0.258	   0.253	   0.260	   0.248	  
2.000	   8.000	   0.270	   0.258	   0.257	   0.234	   0.271	   0.266	   0.257	   0.252	   0.268	   0.255	  
2.000	   9.000	   0.250	   0.245	   0.244	   0.250	   0.259	   0.246	   NaN	   NaN	   0.258	   0.250	  
2.000	   10.000	   0.311	   0.295	   0.269	   0.263	   0.264	   0.258	   0.260	   0.255	   0.247	   0.242	  
2.000	   11.000	   0.241	   0.191	   0.232	   0.185	   0.214	   0.197	   0.168	   0.147	   0.282	   0.274	  
2.000	   12.000	   0.195	   0.184	   0.190	   0.187	   0.202	   0.202	   0.190	   0.194	   0.189	   0.189	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2.000	   13.000	   0.284	   0.278	   0.285	   0.278	   0.250	   0.239	   0.183	   0.178	   0.239	   0.238	  
2.000	   14.000	   0.225	   0.229	   0.228	   0.209	   0.227	   0.222	   0.246	   0.228	   0.224	   0.201	  
2.000	   15.000	   0.306	   0.294	   0.277	   0.268	   0.294	   0.282	   0.276	   0.278	   0.286	   0.280	  
3.000	   1.000	   0.194	   0.165	   0.214	   0.198	   0.184	   0.167	   0.178	   0.169	   0.116	   0.110	  
3.000	   2.000	   0.190	   0.183	   0.200	   0.178	   0.186	   0.167	   0.168	   0.153	   0.090	   0.084	  
3.000	   3.000	   0.260	   0.256	   0.267	   0.251	   0.256	   0.252	   0.243	   0.234	   0.234	   0.222	  
3.000	   4.000	   0.217	   0.211	   0.195	   0.182	   0.235	   0.215	   0.239	   0.214	   0.186	   0.178	  
3.000	   5.000	   0.214	   0.199	   0.220	   0.210	   0.236	   0.221	   0.201	   0.190	   0.209	   0.189	  
3.000	   6.000	   0.250	   0.252	   0.305	   0.307	   0.312	   0.311	   0.285	   0.303	   0.322	   0.316	  
3.000	   7.000	   0.287	   0.279	   0.319	   0.294	   0.351	   0.338	   NaN	   NaN	   0.314	   0.310	  
3.000	   8.000	   0.314	   0.308	   0.272	   0.251	   0.286	   0.276	   0.234	   0.221	   0.294	   0.288	  
3.000	   9.000	   0.230	   0.227	   0.238	   0.244	   0.256	   0.259	   0.287	   0.318	   0.260	   0.247	  
3.000	   10.000	   0.265	   0.258	   0.284	   0.282	   0.272	   0.261	   0.218	   0.220	   NaN	   NaN	  
3.000	   11.000	   NaN	   NaN	   0.174	   0.157	   0.211	   0.198	   0.186	   0.185	   0.154	   0.151	  
3.000	   12.000	   0.212	   0.202	   0.228	   0.246	   0.220	   0.230	   0.216	   0.222	   0.219	   0.224	  
3.000	   13.000	   0.103	   0.102	   0.177	   0.153	   0.250	   0.232	   0.161	   0.153	   0.246	   0.232	  
3.000	   14.000	   0.284	   0.268	   0.298	   0.305	   0.295	   0.297	   0.208	   0.234	   0.279	   0.274	  
3.000	   15.000	   0.202	   0.133	   0.212	   0.205	   0.196	   0.186	   0.194	   0.193	   0.197	   0.180	  
3.000	   16.000	   0.228	   0.206	   0.242	   0.226	   0.292	   0.277	   0.193	   0.194	   0.237	   0.228	  
4.000	   1.000	   0.222	   0.203	   0.225	   0.209	   0.210	   0.190	   0.181	   0.172	   0.168	   0.169	  
4.000	   2.000	   0.087	   0.083	   0.116	   0.108	   0.133	   0.117	   0.164	   0.151	   0.137	   0.110	  
4.000	   3.000	   0.231	   0.169	   0.210	   0.193	   0.241	   0.226	   0.217	   0.207	   0.170	   0.156	  
4.000	   4.000	   0.281	   0.249	   0.288	   0.277	   0.195	   0.178	   0.210	   0.195	   0.184	   0.156	  
4.000	   5.000	   0.235	   0.187	   0.188	   0.157	   0.177	   0.155	   0.095	   0.076	   0.140	   0.134	  
4.000	   6.000	   0.342	   0.385	   0.276	   0.285	   0.266	   0.293	   0.244	   0.273	   0.269	   0.297	  
4.000	   7.000	   0.283	   0.253	   0.262	   0.258	   0.275	   0.268	   0.286	   0.280	   0.227	   0.223	  
4.000	   8.000	   0.218	   0.222	   0.238	   0.229	   0.240	   0.234	   0.200	   0.209	   0.251	   0.242	  
4.000	   9.000	   0.261	   0.269	   0.251	   0.251	   0.243	   0.240	   NaN	   NaN	   0.240	   0.237	  
4.000	   10.000	   0.286	   0.279	   0.209	   0.189	   0.222	   0.223	   0.233	   0.238	   0.269	   0.260	  
4.000	   11.000	   0.280	   0.280	   0.245	   0.228	   0.217	   0.192	   0.188	   0.169	   0.234	   0.223	  
4.000	   12.000	   0.224	   0.250	   0.235	   0.248	   0.238	   0.258	   0.229	   0.228	   0.190	   0.180	  
4.000	   13.000	   0.145	   0.144	   0.225	   0.219	   0.253	   0.243	   0.179	   0.177	   0.216	   0.201	  
4.000	   14.000	   0.307	   0.297	   0.282	   0.297	   0.317	   0.318	   NaN	   NaN	   0.280	   0.273	  
4.000	   15.000	   0.217	   0.206	   0.200	   0.190	   0.213	   0.205	   0.279	   0.277	   0.176	   0.168	  
4.000	   16.000	   0.302	   0.303	   0.273	   0.261	   0.250	   0.236	   0.156	   0.137	   0.258	   0.239	  
Group	   Subject	   W3	   W3S	   N3	   N3S	   N32	   N32S	   N33	   N33S	   R3	   R3S	  
1.000	   1.000	   0.283	   0.276	   0.272	   0.250	   0.200	   0.186	   0.157	   0.148	   0.142	   0.142	  
1.000	   2.000	   0.138	   0.109	   0.150	   0.128	   0.141	   0.105	   NaN	   NaN	   0.123	   0.095	  
1.000	   3.000	   0.265	   0.240	   0.263	   0.247	   0.250	   0.228	   0.267	   0.256	   0.242	   0.222	  
1.000	   4.000	   0.240	   0.232	   0.217	   0.221	   0.241	   0.231	   0.241	   0.236	   0.231	   0.227	  
1.000	   5.000	   0.183	   0.185	   0.219	   0.210	   0.221	   0.204	   NaN	   NaN	   0.201	   0.183	  
1.000	   6.000	   0.303	   0.279	   0.275	   0.246	   0.280	   0.260	   0.243	   0.234	   0.261	   0.233	  
1.000	   7.000	   0.328	   0.326	   0.327	   0.318	   0.339	   0.324	   0.329	   0.297	   0.292	   0.270	  
1.000	   8.000	   0.268	   0.259	   0.260	   0.246	   0.254	   0.249	   NaN	   NaN	   0.261	   0.240	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1.000	   9.000	   0.249	   0.252	   0.264	   0.263	   0.268	   0.262	   NaN	   NaN	   0.257	   0.257	  
1.000	   10.000	   0.315	   0.307	   0.326	   0.314	   0.305	   0.294	   0.301	   0.294	   0.323	   0.313	  
1.000	   11.000	   0.241	   0.223	   0.240	   0.220	   0.255	   0.240	   0.254	   0.247	   0.238	   0.219	  
1.000	   12.000	   0.277	   0.262	   0.252	   0.245	   0.234	   0.227	   NaN	   NaN	   0.261	   0.253	  
1.000	   13.000	   0.235	   0.218	   0.261	   0.254	   0.238	   0.222	   0.223	   0.207	   0.174	   0.162	  
1.000	   14.000	   0.192	   0.182	   0.279	   0.265	   0.308	   0.302	   NaN	   NaN	   0.313	   0.301	  
1.000	   15.000	   0.242	   0.221	   0.220	   0.204	   0.205	   0.195	   0.150	   0.178	   0.216	   0.202	  
1.000	   16.000	   0.298	   0.278	   0.318	   0.318	   0.302	   0.303	   0.254	   0.247	   0.233	   0.214	  
2.000	   1.000	   0.285	   0.284	   0.224	   0.223	   0.236	   0.227	   0.209	   0.202	   0.246	   0.239	  
2.000	   2.000	   0.167	   0.142	   0.142	   0.124	   0.118	   0.093	   0.084	   0.070	   0.060	   0.068	  
2.000	   3.000	   0.259	   0.249	   0.267	   0.243	   0.261	   0.257	   0.248	   0.239	   0.261	   0.244	  
2.000	   4.000	   0.223	   0.205	   0.217	   0.184	   0.220	   0.212	   0.069	   0.091	   0.197	   0.186	  
2.000	   5.000	   0.242	   0.225	   0.254	   0.227	   0.254	   0.237	   0.242	   0.247	   0.265	   0.236	  
2.000	   6.000	   0.267	   0.219	   0.271	   0.266	   0.248	   0.236	   0.182	   0.181	   0.262	   0.254	  
2.000	   7.000	   0.351	   0.343	   0.347	   0.339	   0.336	   0.323	   0.332	   0.294	   0.322	   0.304	  
2.000	   8.000	   0.268	   0.247	   0.265	   0.237	   0.271	   0.262	   0.251	   0.262	   0.271	   0.263	  
2.000	   9.000	   0.134	   0.129	   0.169	   0.182	   0.156	   0.160	   NaN	   NaN	   0.228	   0.216	  
2.000	   10.000	   0.372	   0.356	   0.334	   0.309	   0.294	   0.288	   0.270	   0.275	   0.291	   0.287	  
2.000	   11.000	   0.249	   0.194	   0.243	   0.208	   0.243	   0.218	   0.118	   0.121	   0.293	   0.293	  
2.000	   12.000	   0.209	   0.204	   0.197	   0.190	   0.188	   0.188	   0.211	   0.218	   0.197	   0.192	  
2.000	   13.000	   0.196	   0.193	   0.224	   0.219	   0.234	   0.220	   0.175	   0.171	   0.249	   0.241	  
2.000	   14.000	   0.206	   0.192	   0.227	   0.214	   0.221	   0.212	   0.232	   0.216	   0.211	   0.199	  
2.000	   15.000	   0.312	   0.305	   0.319	   0.303	   0.311	   0.302	   0.253	   0.241	   0.286	   0.278	  
3.000	   1.000	   0.239	   0.212	   0.237	   0.221	   0.240	   0.232	   0.208	   0.208	   0.187	   0.172	  
3.000	   2.000	   0.296	   0.260	   0.217	   0.187	   0.157	   0.134	   0.103	   0.082	   0.093	   0.081	  
3.000	   3.000	   0.291	   0.279	   0.282	   0.280	   0.286	   0.278	   0.285	   0.275	   0.283	   0.276	  
3.000	   4.000	   0.265	   0.240	   0.263	   0.251	   0.290	   0.271	   0.269	   0.236	   0.224	   0.211	  
3.000	   5.000	   0.265	   0.242	   0.286	   0.272	   0.288	   0.270	   NaN	   NaN	   0.264	   0.262	  
3.000	   6.000	   0.250	   0.278	   0.274	   0.279	   0.282	   0.284	   NaN	   NaN	   0.284	   0.283	  
3.000	   7.000	   0.359	   0.345	   0.367	   0.365	   0.362	   0.352	   NaN	   NaN	   0.370	   0.353	  
3.000	   8.000	   0.267	   0.265	   0.286	   0.273	   0.272	   0.262	   NaN	   NaN	   0.272	   0.252	  
3.000	   9.000	   0.277	   0.255	   0.249	   0.251	   0.252	   0.242	   NaN	   NaN	   0.252	   0.246	  
3.000	   10.000	   0.312	   0.288	   0.291	   0.290	   0.316	   0.302	   0.239	   0.240	   0.323	   0.307	  
3.000	   11.000	   0.208	   0.186	   0.223	   0.209	   0.233	   0.220	   0.210	   0.142	   0.234	   0.223	  
3.000	   12.000	   0.213	   0.231	   0.234	   0.219	   0.236	   0.240	   NaN	   NaN	   0.216	   0.228	  
3.000	   13.000	   0.251	   0.251	   0.224	   0.210	   0.264	   0.251	   0.235	   0.227	   0.193	   0.190	  
3.000	   14.000	   0.342	   0.330	   0.322	   0.332	   0.305	   0.307	   NaN	   NaN	   0.303	   0.294	  
3.000	   15.000	   0.196	   0.214	   0.212	   0.219	   0.207	   0.202	   0.182	   0.175	   0.154	   0.156	  
3.000	   16.000	   0.330	   0.311	   0.304	   0.291	   0.317	   0.297	   0.280	   0.274	   0.285	   0.277	  
4.000	   1.000	   0.235	   0.217	   0.208	   0.190	   0.239	   0.232	   NaN	   NaN	   0.225	   0.208	  
4.000	   2.000	   0.210	   0.198	   0.194	   0.180	   0.144	   0.126	   0.101	   0.075	   0.106	   0.086	  
4.000	   3.000	   0.239	   0.225	   0.250	   0.233	   0.212	   0.206	   0.166	   0.180	   0.207	   0.193	  
4.000	   4.000	   0.126	   0.112	   0.192	   0.165	   0.233	   0.223	   0.198	   0.187	   0.181	   0.168	  
4.000	   5.000	   0.217	   0.222	   0.219	   0.207	   0.228	   0.218	   0.166	   0.176	   0.226	   0.213	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4.000	   6.000	   0.282	   0.301	   0.279	   0.293	   0.288	   0.304	   NaN	   NaN	   0.288	   0.301	  
4.000	   7.000	   0.321	   0.318	   0.316	   0.313	   0.300	   0.294	   NaN	   NaN	   0.300	   0.291	  
4.000	   8.000	   0.246	   0.232	   0.230	   0.217	   0.236	   0.225	   NaN	   NaN	   0.224	   0.212	  
4.000	   9.000	   0.258	   0.264	   0.252	   0.267	   0.257	   0.255	   NaN	   NaN	   0.257	   0.252	  
4.000	   10.000	   0.338	   0.337	   0.296	   0.281	   0.364	   0.360	   0.251	   0.253	   0.226	   0.213	  
4.000	   11.000	   0.248	   0.237	   0.263	   0.252	   0.252	   0.228	   0.214	   0.196	   0.236	   0.212	  
4.000	   12.000	   0.209	   0.223	   0.235	   0.237	   0.235	   0.253	   0.234	   0.264	   0.234	   0.247	  
4.000	   13.000	   0.276	   0.267	   0.260	   0.243	   0.241	   0.226	   NaN	   NaN	   0.242	   0.238	  
4.000	   14.000	   0.321	   0.312	   0.337	   0.334	   0.334	   0.322	   NaN	   NaN	   0.281	   0.277	  
4.000	   15.000	   0.249	   0.235	   0.202	   0.193	   0.218	   0.202	   0.218	   0.209	   0.205	   0.191	  
4.000	   16.000	   0.306	   0.296	   0.287	   0.273	   0.298	   0.279	   NaN	   NaN	   0.256	   0.234	  
	  
Appendix	  15.	  Averaged	  PE	  (m	  =	  6,	  τ	  =	  1)	  values	  of	  all	  16	  subjects	  in	  different	  VS.	  PE	  values	  were	  averaged	  
into	  thirds	  (1-­‐3)	  of	  the	  whole	  night	  and	  grouped	  into	  5	  different	  VS.	  VS	  were	  denoted	  as;	  W:	  wakefulness,	  
N1:	  NREM	  sleep	  stage	  1,	  N2:	  NREM	  sleep	  stage	  2,	  N3:	  NREM	  sleep	  stage	  3,	  R:	  REM	  sleep.	  Groups	  were	  
denoted	  as;	  	  1:	  Placebo,	  2:	  Melatonin	  (2mg),	  3:	  Temazepam	  (20mg)	  and	  4:	  Zolpidem(10mg).	  Complexity	  
values	  obtained	  from	  C3	  were	  tabulated.	  
Groups	   Subjects	   W1	   W1S	   N1	   N1S	   N2	   N2S	   N3	   N3S	   R1	   R1S	  
1.000	   1.000	   0.488	   0.519	   0.437	   0.467	   0.457	   0.492	   0.437	   0.469	   0.418	   0.485	  
1.000	   2.000	   0.493	   0.517	   0.526	   0.547	   0.495	   0.521	   0.494	   0.519	   0.458	   0.492	  
1.000	   3.000	   0.484	   0.494	   0.482	   0.504	   0.468	   0.491	   0.457	   0.471	   NaN	   NaN	  
1.000	   4.000	   0.439	   0.496	   0.433	   0.484	   0.448	   0.491	   0.428	   0.473	   0.468	   0.534	  
1.000	   5.000	   0.487	   0.508	   0.481	   0.503	   0.472	   0.495	   0.480	   0.497	   0.443	   0.469	  
1.000	   6.000	   0.478	   0.510	   0.503	   0.530	   0.505	   0.538	   0.441	   0.468	   NaN	   NaN	  
1.000	   7.000	   0.508	   0.518	   0.463	   0.476	   0.485	   0.499	   0.425	   0.442	   0.415	   0.458	  
1.000	   8.000	   0.485	   0.499	   0.497	   0.524	   0.463	   0.489	   0.441	   0.468	   0.458	   0.484	  
1.000	   9.000	   0.463	   0.481	   0.500	   0.527	   0.527	   0.544	   0.498	   0.520	   0.479	   0.499	  
1.000	   10.000	   0.505	   0.530	   0.504	   0.524	   0.495	   0.529	   0.471	   0.506	   0.494	   0.510	  
1.000	   11.000	   0.473	   0.503	   0.485	   0.507	   0.490	   0.509	   0.489	   0.514	   0.460	   0.482	  
1.000	   12.000	   0.495	   0.523	   0.512	   0.533	   0.506	   0.526	   0.444	   0.475	   0.442	   0.477	  
1.000	   13.000	   0.447	   0.499	   0.458	   0.484	   0.452	   0.491	   0.469	   0.497	   0.430	   0.516	  
1.000	   14.000	   0.477	   0.509	   0.489	   0.520	   0.504	   0.520	   0.479	   0.495	   0.485	   0.508	  
1.000	   15.000	   0.501	   0.545	   0.495	   0.542	   0.492	   0.542	   0.485	   0.524	   0.476	   0.544	  
1.000	   16.000	   0.520	   0.549	   0.505	   0.537	   0.494	   0.541	   0.492	   0.524	   0.487	   0.515	  
2.000	   1.000	   0.515	   0.531	   0.480	   0.523	   0.451	   0.485	   0.459	   0.481	   0.424	   0.500	  
2.000	   2.000	   0.520	   0.529	   0.514	   0.523	   0.497	   0.523	   0.496	   0.517	   0.482	   0.519	  
2.000	   3.000	   0.478	   0.505	   0.461	   0.491	   0.452	   0.489	   0.464	   0.481	   NaN	   NaN	  
2.000	   4.000	   0.472	   0.487	   0.482	   0.513	   0.481	   0.536	   0.448	   0.498	   0.381	   0.572	  
2.000	   5.000	   0.496	   0.509	   0.493	   0.514	   0.482	   0.495	   0.459	   0.474	   0.466	   0.493	  
2.000	   6.000	   0.503	   0.537	   0.469	   0.490	   0.477	   0.491	   0.453	   0.492	   NaN	   NaN	  
2.000	   7.000	   0.460	   0.488	   0.477	   0.495	   0.483	   0.494	   0.471	   0.483	   0.427	   0.448	  
2.000	   8.000	   0.500	   0.519	   0.462	   0.484	   0.477	   0.513	   0.462	   0.496	   0.439	   0.464	  
2.000	   9.000	   0.484	   0.477	   0.501	   0.512	   0.489	   0.508	   0.474	   0.493	   0.501	   0.516	  
2.000	   10.000	   0.505	   0.525	   0.510	   0.531	   0.500	   0.523	   0.504	   0.515	   NaN	   NaN	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2.000	   11.000	   0.509	   0.548	   0.485	   0.502	   0.460	   0.484	   0.442	   0.478	   0.500	   0.514	  
2.000	   12.000	   0.530	   0.561	   0.516	   0.546	   0.516	   0.560	   0.516	   0.546	   0.497	   0.549	  
2.000	   13.000	   0.491	   0.519	   0.466	   0.494	   0.479	   0.512	   0.457	   0.492	   0.471	   0.483	  
2.000	   14.000	   0.476	   0.513	   0.472	   0.500	   0.452	   0.490	   0.461	   0.502	   0.454	   0.484	  
2.000	   15.000	   0.517	   0.544	   0.497	   0.518	   0.485	   0.507	   0.478	   0.495	   0.484	   0.496	  
3.000	   1.000	   0.533	   0.558	   0.463	   0.497	   0.462	   0.507	   0.469	   0.502	   0.422	   0.503	  
3.000	   2.000	   0.508	   0.547	   0.509	   0.565	   0.480	   0.543	   0.480	   0.527	   0.427	   0.543	  
3.000	   3.000	   0.480	   0.506	   0.461	   0.480	   0.448	   0.468	   0.457	   0.481	   0.404	   0.436	  
3.000	   4.000	   0.465	   0.508	   0.455	   0.513	   0.465	   0.494	   0.461	   0.496	   0.385	   0.501	  
3.000	   5.000	   0.526	   0.540	   0.495	   0.515	   0.471	   0.500	   0.471	   0.488	   0.445	   0.449	  
3.000	   6.000	   0.447	   0.473	   0.501	   0.531	   0.479	   0.501	   0.451	   0.476	   NaN	   NaN	  
3.000	   7.000	   0.435	   0.452	   0.477	   0.500	   0.457	   0.467	   0.432	   0.442	   NaN	   NaN	  
3.000	   8.000	   0.513	   0.542	   0.490	   0.508	   0.470	   0.500	   0.450	   0.463	   0.468	   0.506	  
3.000	   9.000	   0.557	   0.529	   0.496	   0.524	   0.508	   0.530	   0.487	   0.512	   0.488	   0.513	  
3.000	   10.000	   0.525	   0.546	   0.522	   0.543	   0.510	   0.530	   0.486	   0.510	   0.493	   0.505	  
3.000	   11.000	   0.496	   0.529	   0.532	   0.562	   0.507	   0.553	   0.505	   0.538	   0.490	   0.502	  
3.000	   12.000	   0.500	   0.526	   0.462	   0.504	   0.482	   0.506	   0.449	   0.476	   0.504	   0.692	  
3.000	   13.000	   0.506	   0.519	   0.475	   0.518	   0.483	   0.519	   0.474	   0.505	   0.456	   0.507	  
3.000	   14.000	   0.524	   0.547	   0.498	   0.530	   0.488	   0.501	   0.476	   0.538	   0.481	   0.499	  
3.000	   15.000	   0.480	   0.509	   0.459	   0.503	   0.456	   0.507	   0.443	   0.472	   0.473	   0.491	  
3.000	   16.000	   0.548	   0.556	   0.499	   0.522	   0.486	   0.517	   0.484	   0.503	   0.465	   0.496	  
4.000	   1.000	   0.495	   0.523	   0.444	   0.485	   0.437	   0.487	   0.437	   0.474	   0.393	   0.415	  
4.000	   2.000	   0.525	   0.572	   0.516	   0.563	   0.486	   0.529	   0.479	   0.535	   0.472	   0.558	  
4.000	   3.000	   0.480	   0.510	   0.451	   0.476	   0.455	   0.489	   0.469	   0.505	   NaN	   NaN	  
4.000	   4.000	   0.451	   0.492	   0.499	   0.535	   0.480	   0.522	   0.440	   0.479	   0.413	   0.481	  
4.000	   5.000	   0.506	   0.517	   0.472	   0.513	   0.464	   0.519	   0.463	   0.499	   0.480	   0.508	  
4.000	   6.000	   0.481	   0.503	   0.498	   0.514	   0.459	   0.477	   0.431	   0.452	   NaN	   NaN	  
4.000	   7.000	   0.467	   0.474	   0.460	   0.479	   0.478	   0.497	   0.469	   0.488	   0.430	   0.456	  
4.000	   8.000	   0.513	   0.519	   0.471	   0.492	   0.468	   0.500	   0.457	   0.483	   0.454	   0.529	  
4.000	   9.000	   0.517	   0.525	   0.489	   0.524	   0.502	   0.534	   0.465	   0.511	   0.469	   0.498	  
4.000	   10.000	   0.518	   0.539	   0.521	   0.550	   0.506	   0.553	   0.514	   0.569	   0.518	   0.542	  
4.000	   11.000	   0.485	   0.511	   0.493	   0.510	   0.482	   0.523	   0.491	   0.512	   0.472	   0.488	  
4.000	   12.000	   0.533	   0.540	   0.468	   0.503	   0.476	   0.515	   0.475	   0.509	   NaN	   NaN	  
4.000	   13.000	   0.540	   0.537	   0.482	   0.499	   0.477	   0.513	   0.462	   0.498	   0.502	   0.527	  
4.000	   14.000	   0.525	   0.537	   0.520	   0.548	   0.513	   0.525	   0.516	   0.524	   0.508	   0.530	  
4.000	   15.000	   0.512	   0.543	   0.444	   0.491	   0.454	   0.489	   0.472	   0.498	   0.398	   0.435	  
4.000	   16.000	   0.514	   0.529	   0.499	   0.530	   0.491	   0.522	   0.484	   0.527	   0.491	   0.519	  
Groups	   Subjects	   W2	   W2S	   N2	   N2S	   N22	   N22S	   N23	   N23S	   R2	   R2S	  
1.000	   1.000	   0.460	   0.492	   0.462	   0.490	   0.462	   0.489	   NaN	   NaN	   0.467	   0.489	  
1.000	   2.000	   0.500	   0.537	   0.518	   0.598	   0.521	   0.571	   0.482	   0.538	   0.458	   0.566	  
1.000	   3.000	   0.466	   0.504	   0.452	   0.496	   0.436	   0.477	   0.432	   0.464	   0.445	   0.456	  
1.000	   4.000	   0.421	   0.466	   0.442	   0.486	   0.429	   0.472	   0.415	   0.468	   0.398	   0.436	  
1.000	   5.000	   0.473	   0.523	   0.471	   0.552	   0.481	   0.505	   0.454	   0.503	   0.461	   0.503	  
1.000	   6.000	   0.446	   0.481	   0.449	   0.480	   0.464	   0.486	   0.453	   0.458	   0.487	   0.522	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1.000	   7.000	   0.502	   0.511	   0.495	   0.502	   0.484	   0.491	   NaN	   NaN	   0.490	   0.495	  
1.000	   8.000	   0.465	   0.507	   0.467	   0.498	   0.466	   0.490	   0.444	   0.484	   0.479	   0.500	  
1.000	   9.000	   0.497	   0.510	   0.502	   0.513	   0.509	   0.524	   0.570	   0.571	   0.502	   0.520	  
1.000	   10.000	   0.537	   0.551	   0.493	   0.507	   0.514	   0.528	   0.483	   0.505	   0.480	   0.512	  
1.000	   11.000	   0.458	   0.465	   0.468	   0.525	   0.470	   0.508	   0.477	   0.504	   0.459	   0.491	  
1.000	   12.000	   0.504	   0.537	   0.499	   0.530	   0.493	   0.514	   0.461	   0.494	   0.514	   0.532	  
1.000	   13.000	   0.452	   0.476	   0.477	   0.509	   0.483	   0.523	   0.472	   0.513	   0.456	   0.502	  
1.000	   14.000	   0.509	   0.524	   0.500	   0.510	   0.499	   0.511	   NaN	   NaN	   0.495	   0.514	  
1.000	   15.000	   0.516	   0.540	   0.535	   0.564	   0.523	   0.557	   0.511	   0.575	   0.535	   0.582	  
1.000	   16.000	   0.493	   0.603	   0.491	   0.566	   0.487	   0.564	   0.499	   0.557	   0.492	   0.562	  
2.000	   1.000	   0.465	   0.517	   0.436	   0.506	   0.464	   0.503	   0.477	   0.493	   0.462	   0.498	  
2.000	   2.000	   0.509	   0.597	   0.514	   0.571	   0.502	   0.590	   0.495	   0.595	   0.500	   0.581	  
2.000	   3.000	   0.442	   0.470	   0.444	   0.485	   0.444	   0.464	   0.439	   0.486	   0.413	   0.433	  
2.000	   4.000	   0.460	   0.489	   0.463	   0.496	   0.477	   0.529	   0.465	   0.527	   0.470	   0.535	  
2.000	   5.000	   0.476	   0.501	   0.492	   0.522	   0.486	   0.501	   0.457	   0.472	   0.468	   0.511	  
2.000	   6.000	   0.518	   0.537	   0.479	   0.496	   0.472	   0.491	   0.440	   0.465	   0.464	   0.480	  
2.000	   7.000	   0.466	   0.469	   0.470	   0.482	   0.497	   0.515	   0.435	   0.432	   0.452	   0.478	  
2.000	   8.000	   0.473	   0.485	   0.474	   0.489	   0.470	   0.490	   0.450	   0.484	   0.468	   0.498	  
2.000	   9.000	   0.514	   0.549	   0.511	   0.519	   0.502	   0.514	   NaN	   NaN	   0.505	   0.517	  
2.000	   10.000	   0.529	   0.537	   0.495	   0.506	   0.490	   0.512	   0.483	   0.495	   0.487	   0.509	  
2.000	   11.000	   0.504	   0.557	   0.478	   0.510	   0.456	   0.482	   0.441	   0.472	   0.496	   0.505	  
2.000	   12.000	   0.503	   0.526	   0.516	   0.567	   0.518	   0.548	   0.512	   0.537	   0.508	   0.549	  
2.000	   13.000	   0.502	   0.512	   0.502	   0.516	   0.483	   0.514	   0.449	   0.489	   0.480	   0.512	  
2.000	   14.000	   0.448	   0.481	   0.461	   0.487	   0.459	   0.494	   0.460	   0.480	   0.461	   0.494	  
2.000	   15.000	   0.505	   0.518	   0.487	   0.503	   0.489	   0.498	   0.489	   0.504	   0.491	   0.504	  
3.000	   1.000	   0.495	   0.513	   0.492	   0.512	   0.488	   0.517	   0.490	   0.531	   0.466	   0.507	  
3.000	   2.000	   0.484	   0.524	   0.482	   0.558	   0.490	   0.555	   0.468	   0.539	   0.447	   0.569	  
3.000	   3.000	   0.465	   0.551	   0.457	   0.475	   0.449	   0.468	   0.441	   0.468	   0.442	   0.470	  
3.000	   4.000	   0.437	   0.469	   0.444	   0.460	   0.459	   0.489	   0.457	   0.477	   0.442	   0.492	  
3.000	   5.000	   0.475	   0.491	   0.466	   0.480	   0.473	   0.491	   0.471	   0.500	   0.462	   0.477	  
3.000	   6.000	   0.455	   0.476	   0.504	   0.525	   0.490	   0.510	   0.469	   0.501	   0.489	   0.506	  
3.000	   7.000	   0.452	   0.462	   0.483	   0.495	   0.482	   0.488	   NaN	   NaN	   0.465	   0.475	  
3.000	   8.000	   0.490	   0.498	   0.486	   0.502	   0.488	   0.521	   0.460	   0.566	   0.495	   0.521	  
3.000	   9.000	   0.521	   0.529	   0.510	   0.528	   0.508	   0.521	   0.497	   0.499	   0.522	   0.543	  
3.000	   10.000	   0.507	   0.535	   0.505	   0.521	   0.501	   0.516	   0.485	   0.510	   NaN	   NaN	  
3.000	   11.000	   NaN	   NaN	   0.500	   0.605	   0.505	   0.553	   0.508	   0.546	   0.500	   0.558	  
3.000	   12.000	   0.474	   0.481	   0.497	   0.518	   0.477	   0.499	   0.456	   0.485	   0.486	   0.508	  
3.000	   13.000	   0.466	   0.496	   0.488	   0.521	   0.498	   0.524	   0.463	   0.479	   0.502	   0.529	  
3.000	   14.000	   0.506	   0.523	   0.499	   0.509	   0.482	   0.494	   0.483	   0.537	   0.503	   0.518	  
3.000	   15.000	   0.505	   0.490	   0.490	   0.514	   0.484	   0.516	   0.481	   0.495	   0.488	   0.503	  
3.000	   16.000	   0.477	   0.496	   0.477	   0.492	   0.490	   0.502	   0.471	   0.489	   0.476	   0.492	  
4.000	   1.000	   0.466	   0.495	   0.469	   0.497	   0.473	   0.505	   0.451	   0.478	   0.446	   0.493	  
4.000	   2.000	   0.508	   0.659	   0.475	   0.599	   0.489	   0.617	   0.483	   0.577	   0.489	   0.605	  
4.000	   3.000	   0.490	   0.567	   0.463	   0.498	   0.471	   0.515	   0.459	   0.494	   0.445	   0.481	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4.000	   4.000	   0.477	   0.481	   0.475	   0.485	   0.455	   0.495	   0.459	   0.499	   0.447	   0.476	  
4.000	   5.000	   0.496	   0.506	   0.472	   0.492	   0.476	   0.509	   0.456	   0.501	   0.468	   0.508	  
4.000	   6.000	   0.511	   0.520	   0.460	   0.468	   0.452	   0.469	   0.444	   0.469	   0.479	   0.498	  
4.000	   7.000	   0.471	   0.515	   0.453	   0.472	   0.471	   0.486	   0.468	   0.471	   0.443	   0.455	  
4.000	   8.000	   0.462	   0.497	   0.475	   0.492	   0.485	   0.528	   0.472	   0.528	   0.480	   0.498	  
4.000	   9.000	   0.496	   0.494	   0.498	   0.510	   0.494	   0.513	   NaN	   NaN	   0.506	   0.529	  
4.000	   10.000	   0.540	   0.564	   0.523	   0.599	   0.521	   0.547	   0.517	   0.543	   0.526	   0.562	  
4.000	   11.000	   0.474	   0.477	   0.477	   0.495	   0.486	   0.517	   0.473	   0.496	   0.472	   0.494	  
4.000	   12.000	   0.480	   0.495	   0.490	   0.517	   0.490	   0.507	   0.479	   0.488	   0.473	   0.505	  
4.000	   13.000	   0.456	   0.500	   0.480	   0.509	   0.482	   0.509	   0.449	   0.484	   0.476	   0.510	  
4.000	   14.000	   0.520	   0.534	   0.509	   0.536	   0.507	   0.516	   NaN	   NaN	   0.505	   0.519	  
4.000	   15.000	   0.463	   0.496	   0.470	   0.498	   0.464	   0.493	   0.478	   0.512	   0.440	   0.490	  
4.000	   16.000	   0.501	   0.513	   0.500	   0.515	   0.492	   0.518	   0.487	   0.522	   0.490	   0.519	  
Groups	   Subjects	   W3	   W3S	   N3	   N3S	   N32	   N32S	   N33	   N33S	   R3	   R3S	  
1.000	   1.000	   0.523	   0.548	   0.480	   0.503	   0.458	   0.484	   0.450	   0.470	   0.445	   0.494	  
1.000	   2.000	   0.504	   0.608	   0.503	   0.632	   0.504	   0.633	   NaN	   NaN	   0.503	   0.627	  
1.000	   3.000	   0.459	   0.492	   0.453	   0.472	   0.456	   0.492	   0.472	   0.489	   0.454	   0.468	  
1.000	   4.000	   0.423	   0.442	   0.424	   0.452	   0.437	   0.469	   0.430	   0.458	   0.422	   0.453	  
1.000	   5.000	   0.490	   0.527	   0.487	   0.517	   0.484	   0.528	   NaN	   NaN	   0.488	   0.526	  
1.000	   6.000	   0.515	   0.531	   0.496	   0.522	   0.486	   0.522	   0.465	   0.468	   0.465	   0.510	  
1.000	   7.000	   0.477	   0.474	   0.479	   0.486	   0.487	   0.488	   0.467	   0.467	   0.491	   0.531	  
1.000	   8.000	   0.474	   0.502	   0.474	   0.520	   0.464	   0.505	   NaN	   NaN	   0.485	   0.514	  
1.000	   9.000	   0.501	   0.494	   0.512	   0.518	   0.513	   0.523	   NaN	   NaN	   0.511	   0.522	  
1.000	   10.000	   0.517	   0.528	   0.519	   0.538	   0.512	   0.536	   0.511	   0.532	   0.528	   0.547	  
1.000	   11.000	   0.482	   0.516	   0.480	   0.520	   0.489	   0.513	   0.491	   0.522	   0.486	   0.514	  
1.000	   12.000	   0.512	   0.532	   0.503	   0.507	   0.495	   0.507	   NaN	   NaN	   0.512	   0.542	  
1.000	   13.000	   0.478	   0.514	   0.492	   0.532	   0.476	   0.504	   0.481	   0.509	   0.447	   0.523	  
1.000	   14.000	   0.500	   0.524	   0.515	   0.534	   0.509	   0.529	   NaN	   NaN	   0.499	   0.504	  
1.000	   15.000	   0.620	   0.596	   0.614	   0.596	   0.575	   0.570	   0.581	   0.593	   0.607	   0.584	  
1.000	   16.000	   0.509	   0.532	   0.506	   0.519	   0.502	   0.518	   0.493	   0.529	   0.498	   0.545	  
2.000	   1.000	   0.447	   0.495	   0.456	   0.505	   0.481	   0.502	   0.474	   0.510	   0.477	   0.499	  
2.000	   2.000	   0.518	   0.586	   0.524	   0.623	   0.516	   0.635	   0.496	   0.615	   0.475	   0.678	  
2.000	   3.000	   0.445	   0.477	   0.445	   0.474	   0.458	   0.472	   0.470	   0.476	   0.470	   0.477	  
2.000	   4.000	   0.488	   0.514	   0.496	   0.509	   0.484	   0.518	   0.448	   0.584	   0.469	   0.504	  
2.000	   5.000	   0.475	   0.487	   0.492	   0.513	   0.473	   0.489	   0.462	   0.472	   0.500	   0.520	  
2.000	   6.000	   0.509	   0.573	   0.495	   0.516	   0.484	   0.517	   0.432	   0.460	   0.494	   0.529	  
2.000	   7.000	   0.496	   0.496	   0.503	   0.508	   0.491	   0.497	   0.514	   0.520	   0.483	   0.490	  
2.000	   8.000	   0.482	   0.551	   0.473	   0.504	   0.463	   0.481	   0.447	   0.476	   0.473	   0.498	  
2.000	   9.000	   0.528	   0.548	   0.494	   0.508	   0.496	   0.507	   NaN	   NaN	   0.496	   0.515	  
2.000	   10.000	   0.538	   0.548	   0.532	   0.542	   0.506	   0.515	   0.491	   0.495	   0.508	   0.516	  
2.000	   11.000	   0.503	   0.536	   0.483	   0.500	   0.472	   0.484	   0.439	   0.519	   0.502	   0.521	  
2.000	   12.000	   0.521	   0.540	   0.520	   0.546	   0.519	   0.559	   0.516	   0.591	   0.521	   0.552	  
2.000	   13.000	   0.465	   0.519	   0.478	   0.495	   0.481	   0.505	   0.447	   0.492	   0.487	   0.522	  
2.000	   14.000	   0.463	   0.502	   0.468	   0.512	   0.466	   0.494	   0.468	   0.520	   0.460	   0.497	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2.000	   15.000	   0.511	   0.522	   0.507	   0.517	   0.504	   0.519	   0.484	   0.492	   0.504	   0.512	  
3.000	   1.000	   0.499	   0.521	   0.512	   0.537	   0.502	   0.521	   0.475	   0.490	   0.490	   0.514	  
3.000	   2.000	   0.497	   0.507	   0.503	   0.552	   0.486	   0.559	   0.465	   0.576	   0.464	   0.567	  
3.000	   3.000	   0.466	   0.490	   0.462	   0.471	   0.469	   0.481	   0.451	   0.450	   0.457	   0.467	  
3.000	   4.000	   0.476	   0.483	   0.479	   0.494	   0.475	   0.488	   0.460	   0.486	   0.453	   0.482	  
3.000	   5.000	   0.508	   0.542	   0.497	   0.509	   0.499	   0.514	   NaN	   NaN	   0.478	   0.489	  
3.000	   6.000	   0.437	   0.474	   0.470	   0.498	   0.468	   0.488	   NaN	   NaN	   0.483	   0.505	  
3.000	   7.000	   0.490	   0.495	   0.491	   0.494	   0.486	   0.494	   NaN	   NaN	   0.500	   0.520	  
3.000	   8.000	   0.496	   0.512	   0.489	   0.528	   0.482	   0.530	   NaN	   NaN	   0.497	   0.532	  
3.000	   9.000	   0.491	   0.504	   0.520	   0.526	   0.520	   0.537	   NaN	   NaN	   0.520	   0.532	  
3.000	   10.000	   0.529	   0.568	   0.511	   0.531	   0.519	   0.536	   0.495	   0.519	   0.522	   0.533	  
3.000	   11.000	   0.515	   0.561	   0.519	   0.548	   0.518	   0.547	   0.512	   0.516	   0.515	   0.552	  
3.000	   12.000	   0.496	   0.524	   0.505	   0.558	   0.487	   0.511	   NaN	   NaN	   0.498	   0.543	  
3.000	   13.000	   0.483	   0.506	   0.479	   0.541	   0.499	   0.520	   0.474	   0.495	   0.474	   0.498	  
3.000	   14.000	   0.512	   0.533	   0.465	   0.467	   0.474	   0.482	   NaN	   NaN	   0.503	   0.513	  
3.000	   15.000	   0.506	   0.534	   0.501	   0.530	   0.497	   0.534	   0.487	   0.509	   0.487	   0.513	  
3.000	   16.000	   0.498	   0.508	   0.502	   0.513	   0.505	   0.522	   0.488	   0.507	   0.491	   0.500	  
4.000	   1.000	   0.488	   0.508	   0.477	   0.506	   0.490	   0.514	   NaN	   NaN	   0.484	   0.519	  
4.000	   2.000	   0.516	   0.559	   0.515	   0.574	   0.504	   0.618	   0.480	   0.630	   0.482	   0.645	  
4.000	   3.000	   0.466	   0.514	   0.476	   0.511	   0.472	   0.528	   0.457	   0.529	   0.464	   0.518	  
4.000	   4.000	   0.491	   0.504	   0.463	   0.499	   0.470	   0.494	   0.453	   0.487	   0.455	   0.488	  
4.000	   5.000	   0.480	   0.511	   0.484	   0.557	   0.487	   0.571	   0.462	   0.576	   0.492	   0.535	  
4.000	   6.000	   0.469	   0.477	   0.485	   0.510	   0.467	   0.483	   NaN	   NaN	   0.503	   0.524	  
4.000	   7.000	   0.484	   0.492	   0.484	   0.482	   0.480	   0.483	   NaN	   NaN	   0.477	   0.490	  
4.000	   8.000	   0.487	   0.515	   0.489	   0.536	   0.487	   0.537	   NaN	   NaN	   0.477	   0.517	  
4.000	   9.000	   0.505	   0.513	   0.530	   0.548	   0.510	   0.518	   NaN	   NaN	   0.519	   0.539	  
4.000	   10.000	   0.549	   0.566	   0.544	   0.560	   0.551	   0.562	   0.541	   0.557	   0.545	   0.567	  
4.000	   11.000	   0.489	   0.513	   0.491	   0.512	   0.496	   0.525	   0.477	   0.506	   0.481	   0.503	  
4.000	   12.000	   0.484	   0.499	   0.473	   0.490	   0.487	   0.504	   0.485	   0.507	   0.499	   0.527	  
4.000	   13.000	   0.487	   0.502	   0.492	   0.510	   0.473	   0.490	   NaN	   NaN	   0.469	   0.493	  
4.000	   14.000	   0.519	   0.540	   0.518	   0.530	   0.517	   0.528	   NaN	   NaN	   0.514	   0.532	  
4.000	   15.000	   0.483	   0.514	   0.461	   0.498	   0.471	   0.504	   0.463	   0.521	   0.480	   0.513	  
4.000	   16.000	   0.508	   0.519	   0.504	   0.516	   0.498	   0.509	   NaN	   NaN	   0.497	   0.511	  
	  
Appendix	  16.	  Averaged	  PE	  (m	  =	  6,	  τ	  =	  1)	  values	  of	  all	  16	  subjects	  in	  different	  VS.	  PE	  values	  were	  averaged	  
into	  thirds	  (1-­‐3)	  of	  the	  whole	  night	  and	  grouped	  into	  5	  different	  VS.	  VS	  were	  denoted	  as;	  W:	  wakefulness,	  
N1:	  NREM	  sleep	  stage	  1,	  N2:	  NREM	  sleep	  stage	  2,	  N3:	  NREM	  sleep	  stage	  3,	  R:	  REM	  sleep.	  Groups	  were	  
denoted	  as;	  	  1:	  Placebo,	  2:	  Melatonin	  (2mg),	  3:	  Temazepam	  (20mg)	  and	  4:	  Zolpidem(10mg).	  Complexity	  
values	  obtained	  from	  O1	  were	  tabulated.	  
Group	   Subject	   W1	   W1S	   N1	   N1S	   N2	   N2S	   N3	   N3S	   R1	   R1S	  
1.000	   1.000	   0.466	   0.508	   0.413	   0.454	   0.413	   0.447	   0.402	   0.430	   0.385	   0.440	  
1.000	   2.000	   0.475	   0.506	   0.506	   0.533	   0.469	   0.494	   0.466	   0.498	   0.429	   0.472	  
1.000	   3.000	   0.480	   0.498	   0.473	   0.503	   0.456	   0.485	   0.443	   0.459	   NaN	   NaN	  
1.000	   4.000	   0.429	   0.467	   0.429	   0.474	   0.440	   0.475	   0.420	   0.446	   0.462	   0.499	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1.000	   5.000	   0.469	   0.501	   0.466	   0.491	   0.458	   0.479	   0.468	   0.493	   0.434	   0.448	  
1.000	   6.000	   0.457	   0.493	   0.471	   0.497	   0.475	   0.508	   0.423	   0.456	   NaN	   NaN	  
1.000	   7.000	   0.497	   0.506	   0.450	   0.482	   0.471	   0.487	   0.419	   0.440	   0.404	   0.455	  
1.000	   8.000	   0.475	   0.499	   0.486	   0.522	   0.440	   0.470	   0.412	   0.434	   0.437	   0.453	  
1.000	   9.000	   0.448	   0.465	   0.471	   0.491	   0.497	   0.519	   0.471	   0.501	   0.445	   0.465	  
1.000	   10.000	   0.497	   0.518	   0.496	   0.516	   0.487	   0.508	   0.464	   0.497	   0.485	   0.506	  
1.000	   11.000	   0.458	   0.478	   0.470	   0.494	   0.472	   0.488	   0.473	   0.496	   0.449	   0.490	  
1.000	   12.000	   0.471	   0.509	   0.490	   0.508	   0.474	   0.495	   0.410	   0.448	   0.404	   0.435	  
1.000	   13.000	   0.422	   0.456	   0.429	   0.452	   0.433	   0.480	   0.444	   0.476	   0.407	   0.485	  
1.000	   14.000	   0.459	   0.453	   0.484	   0.485	   0.487	   0.503	   0.455	   0.479	   0.455	   0.482	  
1.000	   15.000	   0.464	   0.548	   0.451	   0.490	   0.452	   0.484	   0.437	   0.463	   0.449	   0.495	  
1.000	   16.000	   0.512	   0.535	   0.475	   0.513	   0.469	   0.504	   0.469	   0.497	   0.444	   0.477	  
2.000	   1.000	   0.496	   0.527	   0.439	   0.488	   0.413	   0.452	   0.408	   0.439	   0.381	   0.448	  
2.000	   2.000	   0.501	   0.509	   0.502	   0.525	   0.467	   0.503	   0.471	   0.500	   0.451	   0.490	  
2.000	   3.000	   0.468	   0.480	   0.447	   0.475	   0.442	   0.477	   0.457	   0.492	   NaN	   NaN	  
2.000	   4.000	   0.450	   0.466	   0.463	   0.505	   0.460	   0.509	   0.419	   0.461	   0.360	   0.515	  
2.000	   5.000	   0.478	   0.496	   0.477	   0.503	   0.466	   0.491	   0.436	   0.462	   0.442	   0.483	  
2.000	   6.000	   0.478	   0.508	   0.447	   0.477	   0.459	   0.476	   0.443	   0.455	   NaN	   NaN	  
2.000	   7.000	   0.454	   0.478	   0.466	   0.490	   0.470	   0.488	   0.458	   0.475	   0.407	   0.429	  
2.000	   8.000	   0.484	   0.517	   0.447	   0.457	   0.470	   0.507	   0.450	   0.495	   0.423	   0.441	  
2.000	   9.000	   0.467	   0.462	   0.485	   0.495	   0.472	   0.498	   0.455	   0.491	   0.485	   0.503	  
2.000	   10.000	   0.489	   0.512	   0.490	   0.507	   0.481	   0.503	   0.485	   0.495	   NaN	   NaN	  
2.000	   11.000	   0.483	   0.530	   0.471	   0.494	   0.440	   0.467	   0.421	   0.461	   0.476	   0.492	  
2.000	   12.000	   0.504	   0.531	   0.485	   0.498	   0.485	   0.528	   0.490	   0.529	   0.450	   0.482	  
2.000	   13.000	   0.476	   0.510	   0.444	   0.465	   0.461	   0.491	   0.439	   0.472	   0.457	   0.477	  
2.000	   14.000	   0.457	   0.480	   0.448	   0.494	   0.429	   0.469	   0.434	   0.464	   0.433	   0.475	  
2.000	   15.000	   0.487	   0.519	   0.468	   0.512	   0.469	   0.497	   0.463	   0.488	   0.471	   0.482	  
3.000	   1.000	   0.518	   0.534	   0.435	   0.477	   0.426	   0.469	   0.442	   0.481	   0.403	   0.465	  
3.000	   2.000	   0.509	   0.519	   0.513	   0.533	   0.484	   0.514	   0.479	   0.519	   0.449	   0.465	  
3.000	   3.000	   0.484	   0.504	   0.445	   0.463	   0.438	   0.465	   0.438	   0.462	   0.389	   0.427	  
3.000	   4.000	   0.451	   0.483	   0.441	   0.498	   0.448	   0.478	   0.441	   0.472	   0.370	   0.474	  
3.000	   5.000	   0.502	   0.521	   0.479	   0.501	   0.456	   0.496	   0.457	   0.483	   0.427	   0.457	  
3.000	   6.000	   0.446	   0.457	   0.482	   0.506	   0.472	   0.490	   0.453	   0.473	   NaN	   NaN	  
3.000	   7.000	   0.439	   0.455	   0.467	   0.509	   0.456	   0.466	   0.429	   0.439	   NaN	   NaN	  
3.000	   8.000	   0.501	   0.527	   0.473	   0.489	   0.444	   0.468	   0.421	   0.437	   0.446	   0.488	  
3.000	   9.000	   0.550	   0.557	   0.463	   0.511	   0.479	   0.518	   0.458	   0.491	   0.460	   0.497	  
3.000	   10.000	   0.506	   0.525	   0.508	   0.534	   0.496	   0.518	   0.472	   0.493	   0.477	   0.499	  
3.000	   11.000	   0.473	   0.509	   0.512	   0.542	   0.476	   0.506	   0.476	   0.509	   0.454	   0.488	  
3.000	   12.000	   0.489	   0.518	   0.459	   0.507	   0.475	   0.495	   0.450	   0.467	   0.496	   0.691	  
3.000	   13.000	   0.492	   0.527	   0.448	   0.494	   0.458	   0.489	   0.451	   0.488	   0.437	   0.496	  
3.000	   14.000	   0.509	   0.542	   0.493	   0.527	   0.481	   0.495	   0.471	   0.468	   0.480	   0.486	  
3.000	   15.000	   0.472	   0.515	   0.450	   0.494	   0.468	   0.516	   0.447	   0.489	   0.487	   0.507	  
3.000	   16.000	   0.549	   0.561	   0.491	   0.516	   0.475	   0.510	   0.466	   0.491	   0.433	   0.473	  
4.000	   1.000	   0.452	   0.473	   0.399	   0.456	   0.399	   0.454	   0.402	   0.445	   0.364	   0.377	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4.000	   2.000	   0.519	   0.557	   0.495	   0.540	   0.463	   0.512	   0.460	   0.514	   0.444	   0.499	  
4.000	   3.000	   0.461	   0.487	   0.422	   0.450	   0.428	   0.457	   0.436	   0.480	   NaN	   NaN	  
4.000	   4.000	   0.427	   0.459	   0.470	   0.476	   0.450	   0.491	   0.418	   0.458	   0.392	   0.447	  
4.000	   5.000	   0.497	   0.515	   0.455	   0.494	   0.447	   0.505	   0.444	   0.475	   0.468	   0.504	  
4.000	   6.000	   0.476	   0.497	   0.485	   0.504	   0.449	   0.461	   0.422	   0.437	   NaN	   NaN	  
4.000	   7.000	   0.464	   0.476	   0.463	   0.489	   0.479	   0.509	   0.469	   0.491	   0.438	   0.463	  
4.000	   8.000	   0.527	   0.519	   0.463	   0.495	   0.454	   0.483	   0.441	   0.464	   0.437	   0.442	  
4.000	   9.000	   0.498	   0.503	   0.469	   0.499	   0.479	   0.507	   0.442	   0.489	   0.446	   0.499	  
4.000	   10.000	   0.501	   0.527	   0.507	   0.532	   0.478	   0.507	   0.486	   0.514	   0.498	   0.520	  
4.000	   11.000	   0.466	   0.508	   0.472	   0.509	   0.458	   0.505	   0.472	   0.491	   0.449	   0.483	  
4.000	   12.000	   0.522	   0.542	   0.454	   0.494	   0.457	   0.488	   0.457	   0.492	   NaN	   NaN	  
4.000	   13.000	   0.529	   0.521	   0.475	   0.502	   0.468	   0.505	   0.453	   0.493	   0.479	   0.486	  
4.000	   14.000	   0.511	   0.540	   0.503	   0.533	   0.494	   0.516	   0.480	   0.503	   0.480	   0.522	  
4.000	   15.000	   0.504	   0.550	   0.421	   0.479	   0.435	   0.477	   0.448	   0.487	   0.377	   0.416	  
4.000	   16.000	   0.506	   0.523	   0.485	   0.509	   0.473	   0.521	   0.459	   0.512	   0.475	   0.508	  
Group	   Subject	   W2	   W2S	   N2	   N2S	   N22	   N22S	   N23	   N23S	   R2	   R2S	  
1.000	   1.000	   0.398	   0.436	   0.436	   0.465	   0.433	   0.470	   NaN	   NaN	   0.435	   0.458	  
1.000	   2.000	   0.476	   0.514	   0.499	   0.571	   0.503	   0.551	   0.451	   0.504	   0.426	   0.521	  
1.000	   3.000	   0.454	   0.494	   0.439	   0.510	   0.423	   0.481	   0.419	   0.477	   0.435	   0.445	  
1.000	   4.000	   0.417	   0.449	   0.437	   0.491	   0.422	   0.459	   0.411	   0.464	   0.400	   0.453	  
1.000	   5.000	   0.450	   0.606	   0.451	   0.566	   0.462	   0.506	   0.437	   0.528	   0.441	   0.554	  
1.000	   6.000	   0.426	   0.453	   0.437	   0.463	   0.447	   0.471	   0.441	   0.444	   0.462	   0.495	  
1.000	   7.000	   0.492	   0.506	   0.483	   0.495	   0.477	   0.486	   NaN	   NaN	   0.480	   0.490	  
1.000	   8.000	   0.434	   0.486	   0.442	   0.473	   0.440	   0.472	   0.413	   0.441	   0.457	   0.478	  
1.000	   9.000	   0.470	   0.482	   0.475	   0.484	   0.475	   0.492	   0.535	   0.571	   0.467	   0.489	  
1.000	   10.000	   0.537	   0.551	   0.488	   0.508	   0.508	   0.520	   0.472	   0.493	   0.468	   0.497	  
1.000	   11.000	   0.448	   0.471	   0.451	   0.493	   0.454	   0.483	   0.462	   0.489	   0.447	   0.480	  
1.000	   12.000	   0.465	   0.493	   0.459	   0.490	   0.458	   0.482	   0.417	   0.457	   0.483	   0.497	  
1.000	   13.000	   0.427	   0.454	   0.450	   0.470	   0.458	   0.487	   0.448	   0.488	   0.430	   0.479	  
1.000	   14.000	   0.486	   0.563	   0.478	   0.562	   0.482	   0.530	   NaN	   NaN	   0.467	   0.528	  
1.000	   15.000	   0.479	   0.518	   0.452	   0.487	   0.447	   0.494	   0.431	   0.468	   0.446	   0.501	  
1.000	   16.000	   0.470	   0.563	   0.471	   0.515	   0.465	   0.523	   0.485	   0.525	   0.466	   0.519	  
2.000	   1.000	   0.418	   0.453	   0.391	   0.487	   0.428	   0.472	   0.447	   0.467	   0.413	   0.448	  
2.000	   2.000	   0.482	   0.567	   0.488	   0.547	   0.473	   0.563	   0.460	   0.559	   0.469	   0.533	  
2.000	   3.000	   0.438	   0.470	   0.436	   0.472	   0.437	   0.456	   0.429	   0.481	   0.413	   0.473	  
2.000	   4.000	   0.417	   0.455	   0.417	   0.446	   0.436	   0.493	   0.426	   0.474	   0.435	   0.486	  
2.000	   5.000	   0.455	   0.490	   0.478	   0.523	   0.467	   0.486	   0.426	   0.440	   0.446	   0.492	  
2.000	   6.000	   0.492	   0.508	   0.458	   0.471	   0.448	   0.471	   0.425	   0.474	   0.447	   0.470	  
2.000	   7.000	   0.455	   0.460	   0.461	   0.477	   0.484	   0.497	   0.428	   0.434	   0.434	   0.462	  
2.000	   8.000	   0.462	   0.475	   0.453	   0.477	   0.456	   0.477	   0.425	   0.466	   0.450	   0.471	  
2.000	   9.000	   0.503	   0.506	   0.496	   0.504	   0.487	   0.498	   NaN	   NaN	   0.493	   0.511	  
2.000	   10.000	   0.515	   0.523	   0.479	   0.483	   0.476	   0.493	   0.466	   0.483	   0.470	   0.490	  
2.000	   11.000	   0.473	   0.503	   0.456	   0.490	   0.433	   0.463	   0.411	   0.461	   0.465	   0.486	  
2.000	   12.000	   0.470	   0.490	   0.481	   0.526	   0.492	   0.516	   0.485	   0.518	   0.474	   0.522	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2.000	   13.000	   0.491	   0.515	   0.481	   0.503	   0.469	   0.495	   0.436	   0.464	   0.466	   0.503	  
2.000	   14.000	   0.423	   0.467	   0.437	   0.474	   0.439	   0.482	   0.448	   0.475	   0.438	   0.479	  
2.000	   15.000	   0.493	   0.499	   0.492	   0.493	   0.484	   0.482	   0.464	   0.483	   0.487	   0.494	  
3.000	   1.000	   0.473	   0.505	   0.476	   0.508	   0.467	   0.517	   0.476	   0.512	   0.438	   0.516	  
3.000	   2.000	   0.488	   0.535	   0.490	   0.544	   0.501	   0.555	   0.482	   0.513	   0.469	   0.574	  
3.000	   3.000	   0.446	   0.483	   0.437	   0.454	   0.429	   0.452	   0.421	   0.451	   0.418	   0.447	  
3.000	   4.000	   0.425	   0.452	   0.429	   0.465	   0.442	   0.468	   0.440	   0.470	   0.425	   0.476	  
3.000	   5.000	   0.457	   0.476	   0.452	   0.464	   0.459	   0.486	   0.453	   0.501	   0.447	   0.476	  
3.000	   6.000	   0.461	   0.465	   0.493	   0.507	   0.480	   0.496	   0.463	   0.467	   0.488	   0.497	  
3.000	   7.000	   0.449	   0.461	   0.483	   0.497	   0.480	   0.492	   NaN	   NaN	   0.462	   0.476	  
3.000	   8.000	   0.480	   0.508	   0.470	   0.499	   0.474	   0.489	   0.437	   0.458	   0.482	   0.498	  
3.000	   9.000	   0.498	   0.513	   0.487	   0.534	   0.484	   0.500	   0.468	   0.493	   0.496	   0.521	  
3.000	   10.000	   0.492	   0.542	   0.490	   0.508	   0.485	   0.501	   0.470	   0.494	   NaN	   NaN	  
3.000	   11.000	   NaN	   NaN	   0.469	   0.558	   0.475	   0.507	   0.476	   0.523	   0.469	   0.533	  
3.000	   12.000	   0.469	   0.482	   0.491	   0.503	   0.473	   0.493	   0.457	   0.474	   0.485	   0.513	  
3.000	   13.000	   0.450	   0.564	   0.473	   0.546	   0.488	   0.514	   0.452	   0.505	   0.492	   0.517	  
3.000	   14.000	   0.500	   0.513	   0.495	   0.511	   0.480	   0.489	   0.470	   0.498	   0.494	   0.513	  
3.000	   15.000	   0.493	   0.482	   0.494	   0.507	   0.484	   0.517	   0.481	   0.540	   0.486	   0.493	  
3.000	   16.000	   0.467	   0.510	   0.463	   0.485	   0.479	   0.501	   0.448	   0.470	   0.461	   0.479	  
4.000	   1.000	   0.444	   0.478	   0.449	   0.481	   0.449	   0.484	   0.426	   0.455	   0.415	   0.476	  
4.000	   2.000	   0.465	   0.609	   0.455	   0.567	   0.467	   0.569	   0.466	   0.530	   0.464	   0.558	  
4.000	   3.000	   0.458	   0.512	   0.441	   0.471	   0.448	   0.483	   0.436	   0.461	   0.419	   0.455	  
4.000	   4.000	   0.451	   0.459	   0.457	   0.468	   0.433	   0.468	   0.437	   0.475	   0.427	   0.459	  
4.000	   5.000	   0.480	   0.500	   0.459	   0.533	   0.459	   0.535	   0.436	   0.554	   0.447	   0.564	  
4.000	   6.000	   0.503	   0.526	   0.452	   0.474	   0.443	   0.454	   0.433	   0.454	   0.472	   0.472	  
4.000	   7.000	   0.465	   0.529	   0.460	   0.487	   0.472	   0.489	   0.473	   0.494	   0.447	   0.464	  
4.000	   8.000	   0.446	   0.482	   0.457	   0.473	   0.470	   0.521	   0.448	   0.459	   0.462	   0.482	  
4.000	   9.000	   0.483	   0.492	   0.485	   0.498	   0.477	   0.498	   NaN	   NaN	   0.488	   0.517	  
4.000	   10.000	   0.517	   0.536	   0.498	   0.556	   0.494	   0.524	   0.495	   0.523	   0.509	   0.535	  
4.000	   11.000	   0.447	   0.447	   0.454	   0.465	   0.464	   0.512	   0.450	   0.486	   0.446	   0.481	  
4.000	   12.000	   0.463	   0.467	   0.478	   0.492	   0.471	   0.482	   0.453	   0.471	   0.453	   0.493	  
4.000	   13.000	   0.459	   0.526	   0.479	   0.514	   0.480	   0.505	   0.450	   0.480	   0.470	   0.516	  
4.000	   14.000	   0.503	   0.516	   0.492	   0.512	   0.490	   0.505	   NaN	   NaN	   0.486	   0.503	  
4.000	   15.000	   0.446	   0.470	   0.446	   0.489	   0.442	   0.478	   0.452	   0.479	   0.414	   0.461	  
4.000	   16.000	   0.485	   0.499	   0.486	   0.506	   0.478	   0.511	   0.467	   0.537	   0.477	   0.505	  
Group	   Subject	   W3	   W3S	   N3	   N3S	   N32	   N32S	   N33	   N33S	   R3	   R3S	  
1.000	   1.000	   0.477	   0.504	   0.436	   0.467	   0.422	   0.476	   0.421	   0.486	   0.404	   0.513	  
1.000	   2.000	   0.484	   0.571	   0.483	   0.589	   0.485	   0.598	   NaN	   NaN	   0.484	   0.587	  
1.000	   3.000	   0.444	   0.479	   0.434	   0.471	   0.439	   0.497	   0.457	   0.478	   0.438	   0.460	  
1.000	   4.000	   0.417	   0.432	   0.418	   0.452	   0.433	   0.457	   0.422	   0.451	   0.419	   0.437	  
1.000	   5.000	   0.493	   0.541	   0.492	   0.524	   0.483	   0.526	   NaN	   NaN	   0.475	   0.521	  
1.000	   6.000	   0.502	   0.518	   0.483	   0.504	   0.471	   0.502	   0.445	   0.466	   0.451	   0.494	  
1.000	   7.000	   0.462	   0.469	   0.469	   0.477	   0.479	   0.488	   0.470	   0.467	   0.475	   0.503	  
1.000	   8.000	   0.455	   0.467	   0.451	   0.468	   0.438	   0.457	   NaN	   NaN	   0.462	   0.488	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1.000	   9.000	   0.466	   0.471	   0.481	   0.497	   0.482	   0.492	   NaN	   NaN	   0.480	   0.498	  
1.000	   10.000	   0.509	   0.529	   0.511	   0.523	   0.505	   0.525	   0.496	   0.510	   0.520	   0.536	  
1.000	   11.000	   0.459	   0.492	   0.454	   0.501	   0.468	   0.492	   0.473	   0.492	   0.463	   0.490	  
1.000	   12.000	   0.474	   0.495	   0.469	   0.475	   0.457	   0.473	   NaN	   NaN	   0.481	   0.502	  
1.000	   13.000	   0.441	   0.478	   0.454	   0.490	   0.438	   0.467	   0.450	   0.488	   0.422	   0.471	  
1.000	   14.000	   0.471	   0.553	   0.491	   0.526	   0.488	   0.510	   NaN	   NaN	   0.471	   0.476	  
1.000	   15.000	   0.461	   0.481	   0.468	   0.508	   0.444	   0.492	   0.404	   0.458	   0.458	   0.494	  
1.000	   16.000	   0.501	   0.515	   0.496	   0.513	   0.487	   0.504	   0.468	   0.479	   0.482	   0.518	  
2.000	   1.000	   0.391	   0.420	   0.412	   0.452	   0.447	   0.469	   0.433	   0.473	   0.450	   0.470	  
2.000	   2.000	   0.492	   0.552	   0.498	   0.592	   0.489	   0.599	   0.459	   0.585	   0.426	   0.670	  
2.000	   3.000	   0.435	   0.493	   0.437	   0.499	   0.456	   0.476	   0.463	   0.480	   0.458	   0.482	  
2.000	   4.000	   0.442	   0.468	   0.450	   0.466	   0.440	   0.470	   0.410	   0.506	   0.417	   0.459	  
2.000	   5.000	   0.453	   0.477	   0.471	   0.511	   0.449	   0.477	   0.431	   0.441	   0.480	   0.507	  
2.000	   6.000	   0.489	   0.553	   0.481	   0.494	   0.466	   0.495	   0.421	   0.462	   0.481	   0.508	  
2.000	   7.000	   0.484	   0.492	   0.489	   0.497	   0.479	   0.488	   0.505	   0.521	   0.472	   0.475	  
2.000	   8.000	   0.464	   0.495	   0.457	   0.494	   0.445	   0.461	   0.431	   0.435	   0.456	   0.480	  
2.000	   9.000	   0.520	   0.601	   0.482	   0.497	   0.482	   0.517	   NaN	   NaN	   0.493	   0.520	  
2.000	   10.000	   0.520	   0.528	   0.512	   0.522	   0.486	   0.502	   0.467	   0.472	   0.485	   0.490	  
2.000	   11.000	   0.463	   0.493	   0.460	   0.483	   0.445	   0.462	   0.419	   0.488	   0.471	   0.491	  
2.000	   12.000	   0.489	   0.519	   0.488	   0.505	   0.487	   0.527	   0.490	   0.516	   0.492	   0.521	  
2.000	   13.000	   0.452	   0.539	   0.466	   0.508	   0.469	   0.504	   0.432	   0.483	   0.475	   0.500	  
2.000	   14.000	   0.440	   0.511	   0.450	   0.486	   0.441	   0.475	   0.437	   0.480	   0.439	   0.473	  
2.000	   15.000	   0.493	   0.507	   0.492	   0.508	   0.484	   0.504	   0.464	   0.472	   0.487	   0.503	  
3.000	   1.000	   0.475	   0.508	   0.495	   0.521	   0.483	   0.501	   0.443	   0.475	   0.467	   0.506	  
3.000	   2.000	   0.499	   0.515	   0.504	   0.547	   0.494	   0.563	   0.480	   0.579	   0.482	   0.588	  
3.000	   3.000	   0.447	   0.467	   0.440	   0.449	   0.449	   0.464	   0.434	   0.446	   0.439	   0.450	  
3.000	   4.000	   0.462	   0.476	   0.462	   0.472	   0.458	   0.473	   0.434	   0.465	   0.429	   0.458	  
3.000	   5.000	   0.492	   0.537	   0.483	   0.509	   0.486	   0.511	   NaN	   NaN	   0.462	   0.470	  
3.000	   6.000	   0.442	   0.483	   0.474	   0.484	   0.467	   0.483	   NaN	   NaN	   0.480	   0.492	  
3.000	   7.000	   0.490	   0.499	   0.490	   0.495	   0.485	   0.487	   NaN	   NaN	   0.497	   0.508	  
3.000	   8.000	   0.478	   0.492	   0.472	   0.486	   0.464	   0.483	   NaN	   NaN	   0.482	   0.501	  
3.000	   9.000	   0.454	   0.469	   0.498	   0.522	   0.493	   0.516	   NaN	   NaN	   0.496	   0.506	  
3.000	   10.000	   0.513	   0.537	   0.501	   0.523	   0.505	   0.523	   0.482	   0.493	   0.509	   0.522	  
3.000	   11.000	   0.485	   0.558	   0.489	   0.533	   0.489	   0.517	   0.489	   0.486	   0.485	   0.520	  
3.000	   12.000	   0.491	   0.481	   0.503	   0.538	   0.484	   0.503	   NaN	   NaN	   0.496	   0.532	  
3.000	   13.000	   0.462	   0.489	   0.463	   0.494	   0.485	   0.508	   0.453	   0.476	   0.449	   0.476	  
3.000	   14.000	   0.486	   0.502	   0.461	   0.458	   0.470	   0.483	   NaN	   NaN	   0.491	   0.498	  
3.000	   15.000	   0.491	   0.529	   0.494	   0.527	   0.489	   0.516	   0.487	   0.513	   0.475	   0.502	  
3.000	   16.000	   0.494	   0.497	   0.495	   0.518	   0.497	   0.515	   0.471	   0.499	   0.480	   0.491	  
4.000	   1.000	   0.464	   0.492	   0.445	   0.478	   0.463	   0.494	   NaN	   NaN	   0.461	   0.495	  
4.000	   2.000	   0.495	   0.534	   0.495	   0.541	   0.487	   0.571	   0.455	   0.534	   0.462	   0.588	  
4.000	   3.000	   0.442	   0.483	   0.451	   0.494	   0.449	   0.497	   0.430	   0.473	   0.441	   0.482	  
4.000	   4.000	   0.447	   0.461	   0.436	   0.435	   0.450	   0.471	   0.431	   0.465	   0.430	   0.467	  
4.000	   5.000	   0.461	   0.485	   0.471	   0.503	   0.473	   0.508	   0.442	   0.487	   0.475	   0.525	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4.000	   6.000	   0.461	   0.461	   0.478	   0.491	   0.452	   0.462	   NaN	   NaN	   0.492	   0.495	  
4.000	   7.000	   0.479	   0.482	   0.482	   0.490	   0.480	   0.490	   NaN	   NaN	   0.477	   0.494	  
4.000	   8.000	   0.467	   0.485	   0.469	   0.521	   0.464	   0.510	   NaN	   NaN	   0.452	   0.487	  
4.000	   9.000	   0.493	   0.498	   0.509	   0.531	   0.489	   0.505	   NaN	   NaN	   0.498	   0.515	  
4.000	   10.000	   0.533	   0.551	   0.520	   0.540	   0.537	   0.549	   0.496	   0.514	   0.491	   0.519	  
4.000	   11.000	   0.461	   0.488	   0.463	   0.490	   0.468	   0.501	   0.451	   0.483	   0.454	   0.479	  
4.000	   12.000	   0.467	   0.477	   0.456	   0.465	   0.468	   0.479	   0.456	   0.468	   0.480	   0.501	  
4.000	   13.000	   0.489	   0.522	   0.492	   0.524	   0.471	   0.494	   NaN	   NaN	   0.471	   0.499	  
4.000	   14.000	   0.503	   0.525	   0.502	   0.510	   0.504	   0.526	   NaN	   NaN	   0.493	   0.508	  
4.000	   15.000	   0.461	   0.500	   0.437	   0.485	   0.452	   0.495	   0.437	   0.499	   0.459	   0.534	  
4.000	   16.000	   0.501	   0.514	   0.495	   0.514	   0.488	   0.504	   NaN	   NaN	   0.484	   0.543	  
	  
Appendix	   17.	  Averaged	  PLZC	   (m	  =	   6,	   τ	   =	   1)	   values	  of	   all	   16	   subjects	   in	   different	  VS.	   PLZC	   values	  were	  
averaged	   into	  thirds	  (1-­‐3)	  of	  the	  whole	  night	  and	  grouped	   into	  5	  different	  VS.	  VS	  were	  denoted	  as;	  W:	  
wakefulness,	  N1:	  NREM	  sleep	  stage	  1,	  N2:	  NREM	  sleep	  stage	  2,	  N3:	  NREM	  sleep	  stage	  3,	  R:	  REM	  sleep.	  
Groups	  were	  denoted	  as;	  	  1:	  Placebo,	  2:	  Melatonin	  (2mg),	  3:	  Temazepam	  (20mg)	  and	  4:	  Zolpidem(10mg).	  
Complexity	  values	  obtained	  from	  C3	  were	  tabulated.	  
Group	   Subject	   W1	   W1S	   N1	   N1S	   N2	   N2S	   N3	   N3S	   R1	   R1S	  
1.000	   1.000	   0.626	   0.654	   0.568	   0.606	   0.594	   0.636	   0.567	   0.603	   0.538	   0.623	  
1.000	   2.000	   0.615	   0.642	   0.661	   0.680	   0.641	   0.668	   0.646	   0.672	   0.600	   0.643	  
1.000	   3.000	   0.618	   0.632	   0.626	   0.656	   0.607	   0.635	   0.596	   0.610	   NaN	   NaN	  
1.000	   4.000	   0.544	   0.620	   0.557	   0.616	   0.576	   0.626	   0.550	   0.603	   0.595	   0.661	  
1.000	   5.000	   0.618	   0.642	   0.624	   0.651	   0.613	   0.637	   0.622	   0.643	   0.581	   0.615	  
1.000	   6.000	   0.552	   0.585	   0.650	   0.683	   0.644	   0.688	   0.575	   0.607	   NaN	   NaN	  
1.000	   7.000	   0.646	   0.662	   0.595	   0.614	   0.624	   0.640	   0.553	   0.569	   0.540	   0.591	  
1.000	   8.000	   0.603	   0.630	   0.635	   0.670	   0.604	   0.634	   0.577	   0.607	   0.598	   0.630	  
1.000	   9.000	   0.481	   0.534	   0.635	   0.669	   0.679	   0.694	   0.648	   0.669	   0.631	   0.648	  
1.000	   10.000	   0.613	   0.668	   0.647	   0.668	   0.637	   0.681	   0.610	   0.651	   0.647	   0.665	  
1.000	   11.000	   0.620	   0.649	   0.631	   0.656	   0.637	   0.659	   0.640	   0.670	   0.604	   0.628	  
1.000	   12.000	   0.642	   0.670	   0.663	   0.684	   0.659	   0.679	   0.581	   0.613	   0.581	   0.621	  
1.000	   13.000	   0.531	   0.595	   0.580	   0.606	   0.541	   0.604	   0.609	   0.645	   0.557	   0.657	  
1.000	   14.000	   0.559	   0.650	   0.581	   0.646	   0.652	   0.666	   0.626	   0.644	   0.635	   0.660	  
1.000	   15.000	   0.656	   0.713	   0.651	   0.706	   0.644	   0.703	   0.636	   0.680	   0.624	   0.705	  
1.000	   16.000	   0.641	   0.685	   0.657	   0.690	   0.644	   0.697	   0.641	   0.680	   0.639	   0.676	  
2.000	   1.000	   0.656	   0.675	   0.624	   0.673	   0.589	   0.627	   0.599	   0.625	   0.551	   0.642	  
2.000	   2.000	   0.645	   0.655	   0.656	   0.661	   0.649	   0.679	   0.648	   0.673	   0.635	   0.674	  
2.000	   3.000	   0.608	   0.646	   0.595	   0.633	   0.586	   0.629	   0.599	   0.618	   NaN	   NaN	  
2.000	   4.000	   0.612	   0.630	   0.623	   0.651	   0.621	   0.683	   0.582	   0.640	   0.484	   0.707	  
2.000	   5.000	   0.637	   0.654	   0.638	   0.661	   0.626	   0.639	   0.600	   0.618	   0.608	   0.640	  
2.000	   6.000	   0.642	   0.682	   0.609	   0.629	   0.620	   0.635	   0.592	   0.641	   NaN	   NaN	  
2.000	   7.000	   0.554	   0.586	   0.615	   0.636	   0.622	   0.636	   0.611	   0.623	   0.552	   0.580	  
2.000	   8.000	   0.650	   0.664	   0.600	   0.620	   0.604	   0.652	   0.600	   0.645	   0.574	   0.603	  
2.000	   9.000	   0.634	   0.620	   0.653	   0.668	   0.628	   0.653	   0.620	   0.640	   0.655	   0.671	  
2.000	   10.000	   0.616	   0.657	   0.653	   0.679	   0.648	   0.673	   0.651	   0.661	   NaN	   NaN	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2.000	   11.000	   0.577	   0.663	   0.634	   0.648	   0.604	   0.629	   0.577	   0.621	   0.655	   0.674	  
2.000	   12.000	   0.685	   0.724	   0.676	   0.708	   0.675	   0.725	   0.678	   0.716	   0.654	   0.714	  
2.000	   13.000	   0.640	   0.672	   0.611	   0.641	   0.626	   0.663	   0.599	   0.639	   0.614	   0.628	  
2.000	   14.000	   0.619	   0.658	   0.615	   0.648	   0.588	   0.635	   0.601	   0.653	   0.591	   0.628	  
2.000	   15.000	   0.661	   0.692	   0.644	   0.674	   0.634	   0.663	   0.627	   0.644	   0.633	   0.644	  
3.000	   1.000	   0.677	   0.710	   0.605	   0.643	   0.601	   0.652	   0.613	   0.649	   0.548	   0.645	  
3.000	   2.000	   0.660	   0.703	   0.659	   0.717	   0.623	   0.699	   0.621	   0.679	   0.558	   0.701	  
3.000	   3.000	   0.607	   0.644	   0.597	   0.623	   0.578	   0.601	   0.593	   0.620	   0.520	   0.555	  
3.000	   4.000	   0.580	   0.647	   0.587	   0.650	   0.599	   0.627	   0.596	   0.631	   0.491	   0.642	  
3.000	   5.000	   0.669	   0.687	   0.636	   0.658	   0.611	   0.647	   0.610	   0.631	   0.579	   0.584	  
3.000	   6.000	   0.522	   0.601	   0.642	   0.673	   0.617	   0.643	   0.584	   0.614	   NaN	   NaN	  
3.000	   7.000	   0.451	   0.530	   0.612	   0.635	   0.589	   0.598	   0.556	   0.568	   NaN	   NaN	  
3.000	   8.000	   0.660	   0.697	   0.634	   0.655	   0.613	   0.648	   0.589	   0.602	   0.611	   0.655	  
3.000	   9.000	   0.683	   0.637	   0.640	   0.669	   0.655	   0.680	   0.638	   0.664	   0.642	   0.670	  
3.000	   10.000	   0.665	   0.703	   0.668	   0.697	   0.660	   0.683	   0.631	   0.660	   0.643	   0.661	  
3.000	   11.000	   0.630	   0.667	   0.683	   0.722	   0.663	   0.718	   0.659	   0.696	   0.644	   0.655	  
3.000	   12.000	   0.649	   0.677	   0.603	   0.655	   0.629	   0.656	   0.588	   0.617	   0.652	   0.866	  
3.000	   13.000	   0.649	   0.670	   0.616	   0.666	   0.628	   0.671	   0.619	   0.657	   0.595	   0.660	  
3.000	   14.000	   0.669	   0.689	   0.643	   0.675	   0.634	   0.641	   0.623	   0.714	   0.625	   0.628	  
3.000	   15.000	   0.628	   0.663	   0.595	   0.645	   0.589	   0.652	   0.578	   0.612	   0.621	   0.645	  
3.000	   16.000	   0.698	   0.709	   0.644	   0.680	   0.631	   0.669	   0.632	   0.654	   0.610	   0.643	  
4.000	   1.000	   0.637	   0.659	   0.576	   0.624	   0.568	   0.627	   0.566	   0.612	   0.515	   0.515	  
4.000	   2.000	   0.669	   0.730	   0.663	   0.716	   0.638	   0.686	   0.626	   0.693	   0.625	   0.727	  
4.000	   3.000	   0.613	   0.648	   0.581	   0.613	   0.591	   0.629	   0.612	   0.653	   NaN	   NaN	  
4.000	   4.000	   0.557	   0.620	   0.648	   0.669	   0.613	   0.648	   0.572	   0.612	   0.534	   0.614	  
4.000	   5.000	   0.637	   0.651	   0.613	   0.660	   0.606	   0.673	   0.605	   0.647	   0.629	   0.663	  
4.000	   6.000	   0.620	   0.641	   0.647	   0.665	   0.597	   0.617	   0.561	   0.587	   NaN	   NaN	  
4.000	   7.000	   0.539	   0.563	   0.595	   0.619	   0.617	   0.637	   0.604	   0.629	   0.559	   0.588	  
4.000	   8.000	   0.658	   0.667	   0.616	   0.636	   0.611	   0.646	   0.598	   0.628	   0.584	   0.665	  
4.000	   9.000	   0.658	   0.670	   0.634	   0.674	   0.652	   0.687	   0.611	   0.662	   0.616	   0.644	  
4.000	   10.000	   0.616	   0.654	   0.676	   0.716	   0.663	   0.721	   0.666	   0.733	   0.674	   0.711	  
4.000	   11.000	   0.631	   0.668	   0.640	   0.660	   0.623	   0.676	   0.641	   0.665	   0.618	   0.639	  
4.000	   12.000	   0.684	   0.687	   0.611	   0.640	   0.623	   0.666	   0.622	   0.662	   NaN	   NaN	  
4.000	   13.000	   0.686	   0.679	   0.630	   0.645	   0.621	   0.663	   0.606	   0.648	   0.656	   0.691	  
4.000	   14.000	   0.670	   0.674	   0.673	   0.703	   0.662	   0.672	   0.675	   0.687	   0.668	   0.694	  
4.000	   15.000	   0.662	   0.698	   0.576	   0.627	   0.591	   0.634	   0.613	   0.646	   0.508	   0.555	  
4.000	   16.000	   0.665	   0.688	   0.647	   0.683	   0.641	   0.680	   0.634	   0.685	   0.642	   0.672	  
Group	   Subject	   W2	   W2S	   N2	   N2S	   N22	   N22S	   N23	   N23S	   R2	   R2S	  
1.000	   1.000	   0.595	   0.635	   0.600	   0.630	   0.599	   0.633	   NaN	   NaN	   0.609	   0.630	  
1.000	   2.000	   0.656	   0.697	   0.672	   0.755	   0.677	   0.731	   0.634	   0.702	   0.598	   0.723	  
1.000	   3.000	   0.604	   0.650	   0.587	   0.640	   0.565	   0.608	   0.557	   0.600	   0.579	   0.590	  
1.000	   4.000	   0.540	   0.594	   0.569	   0.611	   0.552	   0.605	   0.535	   0.599	   0.512	   0.557	  
1.000	   5.000	   0.622	   0.680	   0.613	   0.708	   0.627	   0.652	   0.590	   0.648	   0.602	   0.654	  
1.000	   6.000	   0.580	   0.619	   0.584	   0.622	   0.604	   0.628	   0.586	   0.606	   0.633	   0.672	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1.000	   7.000	   0.644	   0.656	   0.632	   0.642	   0.624	   0.631	   NaN	   NaN	   0.631	   0.633	  
1.000	   8.000	   0.612	   0.650	   0.608	   0.646	   0.609	   0.639	   0.581	   0.628	   0.627	   0.652	  
1.000	   9.000	   0.652	   0.654	   0.655	   0.667	   0.665	   0.681	   0.722	   0.690	   0.657	   0.675	  
1.000	   10.000	   0.680	   0.694	   0.634	   0.653	   0.661	   0.672	   0.631	   0.656	   0.625	   0.663	  
1.000	   11.000	   0.603	   0.607	   0.614	   0.679	   0.615	   0.661	   0.625	   0.656	   0.603	   0.641	  
1.000	   12.000	   0.667	   0.700	   0.652	   0.683	   0.647	   0.671	   0.603	   0.646	   0.672	   0.692	  
1.000	   13.000	   0.589	   0.609	   0.623	   0.660	   0.631	   0.682	   0.618	   0.665	   0.597	   0.651	  
1.000	   14.000	   0.663	   0.678	   0.649	   0.658	   0.647	   0.658	   NaN	   NaN	   0.649	   0.668	  
1.000	   15.000	   0.658	   0.694	   0.674	   0.715	   0.680	   0.722	   0.667	   0.742	   0.684	   0.745	  
1.000	   16.000	   0.643	   0.764	   0.644	   0.727	   0.639	   0.728	   0.652	   0.717	   0.643	   0.723	  
2.000	   1.000	   0.601	   0.658	   0.566	   0.644	   0.607	   0.653	   0.625	   0.645	   0.603	   0.644	  
2.000	   2.000	   0.663	   0.766	   0.669	   0.735	   0.659	   0.759	   0.652	   0.765	   0.655	   0.749	  
2.000	   3.000	   0.570	   0.604	   0.574	   0.627	   0.578	   0.602	   0.573	   0.624	   0.534	   0.563	  
2.000	   4.000	   0.602	   0.644	   0.611	   0.646	   0.626	   0.687	   0.608	   0.682	   0.615	   0.693	  
2.000	   5.000	   0.619	   0.648	   0.639	   0.677	   0.632	   0.650	   0.598	   0.615	   0.611	   0.662	  
2.000	   6.000	   0.662	   0.681	   0.614	   0.637	   0.613	   0.636	   0.572	   0.605	   0.604	   0.621	  
2.000	   7.000	   0.604	   0.611	   0.604	   0.623	   0.639	   0.660	   0.563	   0.557	   0.585	   0.613	  
2.000	   8.000	   0.618	   0.636	   0.621	   0.633	   0.614	   0.638	   0.593	   0.623	   0.612	   0.646	  
2.000	   9.000	   0.664	   0.699	   0.657	   0.675	   0.656	   0.668	   NaN	   NaN	   0.659	   0.675	  
2.000	   10.000	   0.679	   0.686	   0.641	   0.655	   0.638	   0.664	   0.632	   0.647	   0.635	   0.662	  
2.000	   11.000	   0.653	   0.716	   0.624	   0.666	   0.598	   0.626	   0.578	   0.614	   0.650	   0.659	  
2.000	   12.000	   0.659	   0.690	   0.677	   0.734	   0.679	   0.714	   0.674	   0.699	   0.667	   0.716	  
2.000	   13.000	   0.652	   0.671	   0.658	   0.676	   0.631	   0.666	   0.589	   0.635	   0.627	   0.666	  
2.000	   14.000	   0.584	   0.620	   0.603	   0.632	   0.602	   0.642	   0.600	   0.620	   0.602	   0.641	  
2.000	   15.000	   0.655	   0.668	   0.634	   0.650	   0.636	   0.643	   0.638	   0.651	   0.639	   0.656	  
3.000	   1.000	   0.649	   0.669	   0.642	   0.666	   0.638	   0.671	   0.641	   0.689	   0.608	   0.661	  
3.000	   2.000	   0.632	   0.672	   0.629	   0.710	   0.637	   0.712	   0.613	   0.699	   0.587	   0.730	  
3.000	   3.000	   0.609	   0.706	   0.595	   0.612	   0.584	   0.600	   0.573	   0.600	   0.575	   0.607	  
3.000	   4.000	   0.563	   0.605	   0.582	   0.598	   0.600	   0.633	   0.597	   0.618	   0.577	   0.635	  
3.000	   5.000	   0.618	   0.638	   0.606	   0.621	   0.615	   0.635	   0.613	   0.647	   0.602	   0.622	  
3.000	   6.000	   0.590	   0.611	   0.646	   0.666	   0.633	   0.656	   0.616	   0.644	   0.630	   0.648	  
3.000	   7.000	   0.584	   0.593	   0.621	   0.633	   0.620	   0.624	   NaN	   NaN	   0.600	   0.609	  
3.000	   8.000	   0.638	   0.640	   0.636	   0.649	   0.636	   0.675	   0.604	   0.740	   0.643	   0.673	  
3.000	   9.000	   0.678	   0.678	   0.664	   0.682	   0.662	   0.676	   0.643	   0.646	   0.680	   0.703	  
3.000	   10.000	   0.655	   0.693	   0.654	   0.678	   0.652	   0.670	   0.636	   0.666	   NaN	   NaN	  
3.000	   11.000	   NaN	   NaN	   0.655	   0.780	   0.662	   0.717	   0.665	   0.709	   0.657	   0.723	  
3.000	   12.000	   0.620	   0.634	   0.648	   0.670	   0.626	   0.650	   0.595	   0.631	   0.638	   0.664	  
3.000	   13.000	   0.614	   0.645	   0.640	   0.673	   0.651	   0.683	   0.605	   0.625	   0.655	   0.684	  
3.000	   14.000	   0.654	   0.672	   0.642	   0.654	   0.623	   0.634	   0.631	   0.698	   0.652	   0.667	  
3.000	   15.000	   0.676	   0.655	   0.644	   0.672	   0.637	   0.675	   0.632	   0.645	   0.643	   0.652	  
3.000	   16.000	   0.628	   0.632	   0.620	   0.638	   0.634	   0.647	   0.618	   0.637	   0.621	   0.637	  
4.000	   1.000	   0.608	   0.635	   0.614	   0.646	   0.617	   0.653	   0.590	   0.622	   0.583	   0.637	  
4.000	   2.000	   0.655	   0.834	   0.618	   0.764	   0.625	   0.772	   0.632	   0.743	   0.640	   0.776	  
4.000	   3.000	   0.640	   0.724	   0.606	   0.643	   0.614	   0.662	   0.598	   0.635	   0.579	   0.617	  
Appendices	  	  
185	  
Pinar	  Deniz	  Tosun,	  2018	  
4.000	   4.000	   0.633	   0.627	   0.625	   0.631	   0.596	   0.642	   0.602	   0.646	   0.585	   0.619	  
4.000	   5.000	   0.643	   0.655	   0.617	   0.642	   0.621	   0.661	   0.599	   0.652	   0.610	   0.660	  
4.000	   6.000	   0.673	   0.666	   0.594	   0.605	   0.588	   0.605	   0.577	   0.607	   0.624	   0.646	  
4.000	   7.000	   0.608	   0.665	   0.585	   0.605	   0.611	   0.625	   0.610	   0.606	   0.577	   0.588	  
4.000	   8.000	   0.604	   0.647	   0.623	   0.643	   0.636	   0.682	   0.622	   0.681	   0.628	   0.647	  
4.000	   9.000	   0.645	   0.640	   0.652	   0.666	   0.646	   0.665	   NaN	   NaN	   0.658	   0.684	  
4.000	   10.000	   0.691	   0.718	   0.679	   0.777	   0.679	   0.711	   0.675	   0.705	   0.681	   0.724	  
4.000	   11.000	   0.620	   0.623	   0.627	   0.644	   0.636	   0.673	   0.620	   0.647	   0.617	   0.645	  
4.000	   12.000	   0.629	   0.645	   0.644	   0.671	   0.642	   0.661	   0.628	   0.634	   0.619	   0.656	  
4.000	   13.000	   0.595	   0.648	   0.632	   0.662	   0.630	   0.660	   0.587	   0.626	   0.622	   0.665	  
4.000	   14.000	   0.672	   0.688	   0.661	   0.691	   0.654	   0.664	   NaN	   NaN	   0.656	   0.671	  
4.000	   15.000	   0.607	   0.638	   0.615	   0.648	   0.607	   0.643	   0.637	   0.639	   0.575	   0.629	  
4.000	   16.000	   0.649	   0.661	   0.650	   0.663	   0.638	   0.669	   0.640	   0.680	   0.636	   0.670	  
Group	   Subject	   W3	   W3S	   N3	   N3S	   N32	   N32S	   N33	   N33S	   R3	   R3S	  
1.000	   1.000	   0.662	   0.696	   0.623	   0.649	   0.597	   0.623	   0.586	   0.608	   0.579	   0.635	  
1.000	   2.000	   0.654	   0.776	   0.654	   0.803	   0.656	   0.806	   NaN	   NaN	   0.656	   0.799	  
1.000	   3.000	   0.596	   0.636	   0.589	   0.610	   0.593	   0.635	   0.612	   0.635	   0.589	   0.603	  
1.000	   4.000	   0.547	   0.577	   0.541	   0.578	   0.566	   0.601	   0.552	   0.584	   0.546	   0.584	  
1.000	   5.000	   0.638	   0.680	   0.636	   0.671	   0.630	   0.681	   NaN	   NaN	   0.637	   0.681	  
1.000	   6.000	   0.670	   0.680	   0.644	   0.676	   0.631	   0.671	   0.612	   0.599	   0.602	   0.659	  
1.000	   7.000	   0.617	   0.610	   0.617	   0.627	   0.630	   0.631	   0.608	   0.593	   0.631	   0.680	  
1.000	   8.000	   0.622	   0.659	   0.618	   0.671	   0.607	   0.653	   NaN	   NaN	   0.632	   0.663	  
1.000	   9.000	   0.663	   0.649	   0.664	   0.671	   0.667	   0.676	   NaN	   NaN	   0.666	   0.675	  
1.000	   10.000	   0.667	   0.679	   0.666	   0.689	   0.663	   0.692	   0.672	   0.695	   0.675	   0.692	  
1.000	   11.000	   0.630	   0.671	   0.631	   0.676	   0.641	   0.669	   0.644	   0.674	   0.638	   0.669	  
1.000	   12.000	   0.667	   0.687	   0.658	   0.667	   0.650	   0.664	   NaN	   NaN	   0.668	   0.702	  
1.000	   13.000	   0.624	   0.666	   0.637	   0.686	   0.622	   0.655	   0.629	   0.664	   0.586	   0.677	  
1.000	   14.000	   0.648	   0.670	   0.667	   0.687	   0.659	   0.682	   NaN	   NaN	   0.650	   0.653	  
1.000	   15.000	   0.718	   0.725	   0.714	   0.722	   0.700	   0.704	   0.718	   0.697	   0.728	   0.720	  
1.000	   16.000	   0.662	   0.688	   0.661	   0.673	   0.655	   0.672	   0.645	   0.688	   0.654	   0.709	  
2.000	   1.000	   0.573	   0.633	   0.593	   0.652	   0.627	   0.656	   0.621	   0.666	   0.622	   0.648	  
2.000	   2.000	   0.675	   0.751	   0.680	   0.794	   0.675	   0.813	   0.652	   0.793	   0.622	   0.857	  
2.000	   3.000	   0.570	   0.609	   0.576	   0.611	   0.597	   0.612	   0.615	   0.620	   0.611	   0.621	  
2.000	   4.000	   0.635	   0.665	   0.655	   0.661	   0.636	   0.679	   0.588	   0.753	   0.615	   0.656	  
2.000	   5.000	   0.620	   0.636	   0.643	   0.667	   0.617	   0.633	   0.603	   0.617	   0.651	   0.676	  
2.000	   6.000	   0.657	   0.727	   0.644	   0.665	   0.629	   0.662	   0.560	   0.596	   0.639	   0.682	  
2.000	   7.000	   0.638	   0.631	   0.649	   0.654	   0.635	   0.641	   0.660	   0.667	   0.627	   0.630	  
2.000	   8.000	   0.630	   0.713	   0.619	   0.653	   0.607	   0.624	   0.580	   0.609	   0.619	   0.646	  
2.000	   9.000	   0.682	   0.704	   0.649	   0.667	   0.651	   0.662	   NaN	   NaN	   0.650	   0.671	  
2.000	   10.000	   0.689	   0.699	   0.683	   0.695	   0.658	   0.668	   0.643	   0.642	   0.659	   0.668	  
2.000	   11.000	   0.655	   0.691	   0.631	   0.653	   0.618	   0.633	   0.572	   0.670	   0.656	   0.680	  
2.000	   12.000	   0.682	   0.701	   0.683	   0.716	   0.680	   0.729	   0.681	   0.769	   0.682	   0.720	  
2.000	   13.000	   0.610	   0.675	   0.626	   0.643	   0.629	   0.660	   0.586	   0.640	   0.637	   0.679	  
2.000	   14.000	   0.602	   0.650	   0.610	   0.663	   0.609	   0.643	   0.611	   0.672	   0.601	   0.646	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2.000	   15.000	   0.665	   0.675	   0.655	   0.664	   0.653	   0.666	   0.636	   0.641	   0.655	   0.662	  
3.000	   1.000	   0.647	   0.676	   0.666	   0.693	   0.654	   0.679	   0.613	   0.647	   0.640	   0.670	  
3.000	   2.000	   0.644	   0.654	   0.654	   0.711	   0.632	   0.718	   0.609	   0.740	   0.608	   0.732	  
3.000	   3.000	   0.602	   0.625	   0.600	   0.610	   0.609	   0.617	   0.577	   0.570	   0.592	   0.599	  
3.000	   4.000	   0.626	   0.632	   0.627	   0.641	   0.621	   0.633	   0.605	   0.629	   0.593	   0.624	  
3.000	   5.000	   0.658	   0.695	   0.646	   0.656	   0.644	   0.657	   NaN	   NaN	   0.621	   0.629	  
3.000	   6.000	   0.562	   0.615	   0.611	   0.646	   0.607	   0.630	   NaN	   NaN	   0.626	   0.650	  
3.000	   7.000	   0.635	   0.633	   0.629	   0.628	   0.628	   0.632	   NaN	   NaN	   0.637	   0.661	  
3.000	   8.000	   0.649	   0.675	   0.638	   0.686	   0.630	   0.686	   NaN	   NaN	   0.647	   0.691	  
3.000	   9.000	   0.635	   0.640	   0.676	   0.678	   0.676	   0.693	   NaN	   NaN	   0.677	   0.690	  
3.000	   10.000	   0.673	   0.720	   0.659	   0.681	   0.667	   0.690	   0.647	   0.674	   0.669	   0.681	  
3.000	   11.000	   0.676	   0.730	   0.680	   0.710	   0.679	   0.714	   0.665	   0.662	   0.675	   0.718	  
3.000	   12.000	   0.656	   0.679	   0.659	   0.721	   0.639	   0.661	   NaN	   NaN	   0.651	   0.703	  
3.000	   13.000	   0.631	   0.657	   0.628	   0.699	   0.651	   0.674	   0.625	   0.647	   0.622	   0.653	  
3.000	   14.000	   0.655	   0.673	   0.600	   0.597	   0.611	   0.617	   NaN	   NaN	   0.650	   0.654	  
3.000	   15.000	   0.662	   0.690	   0.657	   0.690	   0.654	   0.698	   0.637	   0.664	   0.638	   0.668	  
3.000	   16.000	   0.642	   0.653	   0.651	   0.663	   0.651	   0.667	   0.635	   0.657	   0.639	   0.646	  
4.000	   1.000	   0.636	   0.658	   0.624	   0.657	   0.639	   0.669	   NaN	   NaN	   0.631	   0.673	  
4.000	   2.000	   0.670	   0.727	   0.672	   0.741	   0.658	   0.787	   0.629	   0.809	   0.631	   0.818	  
4.000	   3.000	   0.609	   0.669	   0.619	   0.666	   0.616	   0.682	   0.597	   0.682	   0.606	   0.668	  
4.000	   4.000	   0.631	   0.616	   0.609	   0.654	   0.617	   0.646	   0.593	   0.636	   0.596	   0.633	  
4.000	   5.000	   0.629	   0.663	   0.631	   0.719	   0.634	   0.734	   0.606	   0.743	   0.644	   0.697	  
4.000	   6.000	   0.609	   0.615	   0.630	   0.658	   0.606	   0.623	   NaN	   NaN	   0.653	   0.680	  
4.000	   7.000	   0.628	   0.641	   0.629	   0.622	   0.623	   0.623	   NaN	   NaN	   0.617	   0.628	  
4.000	   8.000	   0.639	   0.673	   0.640	   0.691	   0.638	   0.694	   NaN	   NaN	   0.625	   0.673	  
4.000	   9.000	   0.662	   0.665	   0.677	   0.696	   0.663	   0.670	   NaN	   NaN	   0.670	   0.690	  
4.000	   10.000	   0.699	   0.718	   0.699	   0.719	   0.703	   0.715	   0.706	   0.722	   0.709	   0.734	  
4.000	   11.000	   0.639	   0.667	   0.642	   0.669	   0.651	   0.683	   0.630	   0.665	   0.633	   0.655	  
4.000	   12.000	   0.636	   0.652	   0.622	   0.633	   0.638	   0.656	   0.647	   0.645	   0.653	   0.684	  
4.000	   13.000	   0.639	   0.661	   0.646	   0.663	   0.619	   0.638	   NaN	   NaN	   0.614	   0.642	  
4.000	   14.000	   0.669	   0.693	   0.667	   0.672	   0.665	   0.675	   NaN	   NaN	   0.670	   0.690	  
4.000	   15.000	   0.629	   0.664	   0.604	   0.651	   0.617	   0.657	   0.604	   0.669	   0.633	   0.672	  
4.000	   16.000	   0.655	   0.662	   0.650	   0.663	   0.643	   0.651	   NaN	   NaN	   0.646	   0.661	  
	  
Appendix	   18.	  Averaged	  PLZC	   (m	  =	   6,	   τ	   =	   1)	   values	  of	   all	   16	   subjects	   in	   different	  VS.	   PLZC	   values	  were	  
averaged	   into	  thirds	  (1-­‐3)	  of	  the	  whole	  night	  and	  grouped	   into	  5	  different	  VS.	  VS	  were	  denoted	  as;	  W:	  
wakefulness,	  N1:	  NREM	  sleep	  stage	  1,	  N2:	  NREM	  sleep	  stage	  2,	  N3:	  NREM	  sleep	  stage	  3,	  R:	  REM	  sleep.	  
Groups	  were	  denoted	  as;	  	  1:	  Placebo,	  2:	  Melatonin	  (2mg),	  3:	  Temazepam	  (20mg)	  and	  4:	  Zolpidem(10mg).	  
Complexity	  values	  obtained	  from	  O1	  were	  tabulated.	  
Group	   Subjec	   W1	   W1S	   N1	   N1S	   N2	   N2S	   N3	   N3S	   R1	   R1S	  
1.000	   1.000	   0.595	   0.644	   0.531	   0.586	   0.525	   0.571	   0.511	   0.549	   0.490	   0.565	  
1.000	   2.000	   0.594	   0.642	   0.646	   0.682	   0.611	   0.640	   0.611	   0.648	   0.560	   0.612	  
1.000	   3.000	   0.611	   0.635	   0.613	   0.654	   0.594	   0.627	   0.575	   0.592	   NaN	   NaN	  
1.000	   4.000	   0.531	   0.577	   0.554	   0.608	   0.568	   0.611	   0.540	   0.570	   0.585	   0.635	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1.000	   5.000	   0.595	   0.633	   0.610	   0.635	   0.594	   0.621	   0.609	   0.641	   0.568	   0.570	  
1.000	   6.000	   0.530	   0.572	   0.611	   0.642	   0.613	   0.657	   0.549	   0.590	   NaN	   NaN	  
1.000	   7.000	   0.637	   0.648	   0.583	   0.622	   0.609	   0.625	   0.542	   0.566	   0.522	   0.575	  
1.000	   8.000	   0.596	   0.631	   0.619	   0.669	   0.571	   0.607	   0.534	   0.558	   0.570	   0.587	  
1.000	   9.000	   0.460	   0.519	   0.598	   0.626	   0.648	   0.670	   0.615	   0.653	   0.581	   0.602	  
1.000	   10.000	   0.616	   0.652	   0.640	   0.663	   0.629	   0.657	   0.601	   0.638	   0.632	   0.657	  
1.000	   11.000	   0.600	   0.616	   0.612	   0.638	   0.617	   0.637	   0.619	   0.647	   0.588	   0.636	  
1.000	   12.000	   0.609	   0.655	   0.635	   0.656	   0.618	   0.644	   0.529	   0.573	   0.520	   0.555	  
1.000	   13.000	   0.501	   0.564	   0.539	   0.568	   0.521	   0.592	   0.575	   0.616	   0.524	   0.622	  
1.000	   14.000	   0.535	   0.548	   0.575	   0.585	   0.632	   0.649	   0.595	   0.623	   0.596	   0.628	  
1.000	   15.000	   0.603	   0.702	   0.590	   0.636	   0.589	   0.626	   0.568	   0.598	   0.587	   0.643	  
1.000	   16.000	   0.627	   0.671	   0.619	   0.662	   0.614	   0.657	   0.615	   0.647	   0.581	   0.618	  
2.000	   1.000	   0.629	   0.671	   0.568	   0.625	   0.529	   0.578	   0.523	   0.557	   0.482	   0.571	  
2.000	   2.000	   0.628	   0.645	   0.638	   0.670	   0.611	   0.653	   0.618	   0.654	   0.591	   0.636	  
2.000	   3.000	   0.593	   0.611	   0.577	   0.613	   0.572	   0.616	   0.585	   0.629	   NaN	   NaN	  
2.000	   4.000	   0.578	   0.601	   0.597	   0.643	   0.591	   0.655	   0.540	   0.592	   0.450	   0.641	  
2.000	   5.000	   0.620	   0.643	   0.622	   0.649	   0.606	   0.632	   0.568	   0.598	   0.575	   0.620	  
2.000	   6.000	   0.615	   0.650	   0.583	   0.618	   0.598	   0.618	   0.578	   0.595	   NaN	   NaN	  
2.000	   7.000	   0.553	   0.603	   0.603	   0.629	   0.609	   0.630	   0.594	   0.612	   0.523	   0.546	  
2.000	   8.000	   0.629	   0.669	   0.581	   0.589	   0.594	   0.649	   0.581	   0.639	   0.549	   0.570	  
2.000	   9.000	   0.611	   0.606	   0.634	   0.645	   0.610	   0.643	   0.596	   0.639	   0.636	   0.656	  
2.000	   10.000	   0.598	   0.636	   0.628	   0.648	   0.624	   0.646	   0.628	   0.640	   NaN	   NaN	  
2.000	   11.000	   0.514	   0.607	   0.620	   0.644	   0.574	   0.604	   0.545	   0.593	   0.624	   0.644	  
2.000	   12.000	   0.651	   0.682	   0.633	   0.650	   0.635	   0.683	   0.646	   0.694	   0.586	   0.624	  
2.000	   13.000	   0.623	   0.644	   0.574	   0.600	   0.602	   0.635	   0.573	   0.613	   0.596	   0.618	  
2.000	   14.000	   0.591	   0.625	   0.582	   0.636	   0.555	   0.607	   0.563	   0.595	   0.564	   0.617	  
2.000	   15.000	   0.657	   0.669	   0.623	   0.670	   0.608	   0.650	   0.597	   0.636	   0.603	   0.630	  
3.000	   1.000	   0.660	   0.691	   0.564	   0.618	   0.545	   0.596	   0.575	   0.621	   0.517	   0.590	  
3.000	   2.000	   0.662	   0.669	   0.667	   0.687	   0.633	   0.668	   0.628	   0.676	   0.588	   0.606	  
3.000	   3.000	   0.613	   0.638	   0.576	   0.596	   0.564	   0.594	   0.566	   0.593	   0.499	   0.538	  
3.000	   4.000	   0.565	   0.614	   0.568	   0.634	   0.578	   0.615	   0.569	   0.606	   0.465	   0.585	  
3.000	   5.000	   0.650	   0.672	   0.623	   0.653	   0.595	   0.642	   0.594	   0.624	   0.557	   0.583	  
3.000	   6.000	   0.520	   0.543	   0.630	   0.650	   0.615	   0.632	   0.592	   0.613	   NaN	   NaN	  
3.000	   7.000	   0.473	   0.536	   0.603	   0.652	   0.588	   0.597	   0.552	   0.555	   NaN	   NaN	  
3.000	   8.000	   0.648	   0.676	   0.620	   0.635	   0.578	   0.605	   0.544	   0.563	   0.582	   0.631	  
3.000	   9.000	   0.680	   0.705	   0.608	   0.659	   0.626	   0.672	   0.601	   0.639	   0.604	   0.648	  
3.000	   10.000	   0.656	   0.672	   0.652	   0.686	   0.643	   0.671	   0.611	   0.638	   0.626	   0.650	  
3.000	   11.000	   0.600	   0.647	   0.665	   0.697	   0.623	   0.657	   0.622	   0.661	   0.599	   0.631	  
3.000	   12.000	   0.632	   0.662	   0.600	   0.658	   0.621	   0.643	   0.589	   0.609	   0.650	   0.859	  
3.000	   13.000	   0.644	   0.681	   0.584	   0.633	   0.596	   0.631	   0.587	   0.633	   0.570	   0.648	  
3.000	   14.000	   0.655	   0.692	   0.635	   0.674	   0.624	   0.637	   0.613	   0.604	   0.629	   0.634	  
3.000	   15.000	   0.618	   0.665	   0.583	   0.633	   0.609	   0.665	   0.584	   0.633	   0.641	   0.663	  
3.000	   16.000	   0.699	   0.715	   0.630	   0.659	   0.617	   0.655	   0.610	   0.639	   0.565	   0.615	  
4.000	   1.000	   0.569	   0.597	   0.505	   0.577	   0.507	   0.573	   0.515	   0.567	   0.466	   0.459	  
Appendices	  	  
188	  
Pinar	  Deniz	  Tosun,	  2018	  
4.000	   2.000	   0.669	   0.721	   0.643	   0.697	   0.609	   0.665	   0.602	   0.666	   0.579	   0.649	  
4.000	   3.000	   0.585	   0.619	   0.546	   0.573	   0.551	   0.581	   0.564	   0.608	   NaN	   NaN	  
4.000	   4.000	   0.524	   0.578	   0.607	   0.619	   0.580	   0.629	   0.540	   0.586	   0.505	   0.569	  
4.000	   5.000	   0.630	   0.652	   0.592	   0.636	   0.582	   0.650	   0.580	   0.617	   0.611	   0.657	  
4.000	   6.000	   0.615	   0.639	   0.628	   0.647	   0.582	   0.593	   0.548	   0.562	   NaN	   NaN	  
4.000	   7.000	   0.544	   0.576	   0.597	   0.633	   0.620	   0.657	   0.607	   0.633	   0.571	   0.596	  
4.000	   8.000	   0.665	   0.655	   0.596	   0.628	   0.591	   0.624	   0.574	   0.599	   0.572	   0.591	  
4.000	   9.000	   0.653	   0.654	   0.606	   0.645	   0.629	   0.660	   0.575	   0.635	   0.583	   0.648	  
4.000	   10.000	   0.610	   0.669	   0.661	   0.689	   0.626	   0.663	   0.629	   0.659	   0.652	   0.680	  
4.000	   11.000	   0.607	   0.660	   0.616	   0.657	   0.589	   0.652	   0.616	   0.638	   0.591	   0.630	  
4.000	   12.000	   0.670	   0.686	   0.592	   0.640	   0.597	   0.632	   0.598	   0.639	   NaN	   NaN	  
4.000	   13.000	   0.673	   0.636	   0.620	   0.651	   0.613	   0.652	   0.591	   0.638	   0.631	   0.634	  
4.000	   14.000	   0.651	   0.674	   0.652	   0.693	   0.642	   0.666	   0.632	   0.656	   0.631	   0.678	  
4.000	   15.000	   0.658	   0.711	   0.543	   0.619	   0.564	   0.617	   0.582	   0.632	   0.473	   0.528	  
4.000	   16.000	   0.659	   0.686	   0.635	   0.663	   0.620	   0.677	   0.602	   0.669	   0.624	   0.664	  
Group	   Subjec	   W2	   W2S	   N2	   N2S	   N22	   N22S	   N23	   N23S	   R2	   R2S	  
1.000	   1.000	   0.491	   0.543	   0.557	   0.595	   0.556	   0.602	   NaN	   NaN	   0.565	   0.593	  
1.000	   2.000	   0.626	   0.671	   0.648	   0.737	   0.659	   0.714	   0.591	   0.653	   0.553	   0.669	  
1.000	   3.000	   0.586	   0.637	   0.565	   0.663	   0.542	   0.615	   0.536	   0.611	   0.568	   0.576	  
1.000	   4.000	   0.535	   0.579	   0.560	   0.629	   0.543	   0.586	   0.529	   0.588	   0.511	   0.572	  
1.000	   5.000	   0.585	   0.767	   0.585	   0.718	   0.603	   0.655	   0.571	   0.677	   0.574	   0.703	  
1.000	   6.000	   0.555	   0.590	   0.567	   0.597	   0.582	   0.612	   0.570	   0.573	   0.604	   0.644	  
1.000	   7.000	   0.637	   0.654	   0.623	   0.636	   0.619	   0.629	   NaN	   NaN	   0.623	   0.631	  
1.000	   8.000	   0.567	   0.631	   0.576	   0.613	   0.573	   0.610	   0.530	   0.570	   0.598	   0.622	  
1.000	   9.000	   0.612	   0.626	   0.624	   0.628	   0.622	   0.642	   0.689	   0.714	   0.613	   0.637	  
1.000	   10.000	   0.684	   0.698	   0.630	   0.655	   0.653	   0.667	   0.616	   0.641	   0.607	   0.648	  
1.000	   11.000	   0.589	   0.628	   0.591	   0.639	   0.595	   0.630	   0.606	   0.637	   0.591	   0.626	  
1.000	   12.000	   0.613	   0.657	   0.597	   0.638	   0.599	   0.627	   0.538	   0.591	   0.634	   0.650	  
1.000	   13.000	   0.554	   0.587	   0.587	   0.608	   0.598	   0.633	   0.586	   0.634	   0.558	   0.616	  
1.000	   14.000	   0.631	   0.719	   0.618	   0.717	   0.625	   0.683	   NaN	   NaN	   0.612	   0.680	  
1.000	   15.000	   0.626	   0.670	   0.588	   0.630	   0.581	   0.638	   0.559	   0.602	   0.581	   0.649	  
1.000	   16.000	   0.616	   0.721	   0.616	   0.667	   0.608	   0.676	   0.636	   0.683	   0.609	   0.673	  
2.000	   1.000	   0.524	   0.570	   0.502	   0.615	   0.553	   0.609	   0.586	   0.603	   0.522	   0.563	  
2.000	   2.000	   0.630	   0.734	   0.638	   0.707	   0.619	   0.727	   0.604	   0.722	   0.614	   0.692	  
2.000	   3.000	   0.565	   0.600	   0.566	   0.610	   0.571	   0.589	   0.557	   0.617	   0.532	   0.601	  
2.000	   4.000	   0.538	   0.583	   0.535	   0.574	   0.565	   0.636	   0.552	   0.612	   0.564	   0.625	  
2.000	   5.000	   0.592	   0.631	   0.622	   0.673	   0.611	   0.633	   0.555	   0.577	   0.581	   0.636	  
2.000	   6.000	   0.638	   0.661	   0.592	   0.605	   0.583	   0.612	   0.550	   0.614	   0.583	   0.611	  
2.000	   7.000	   0.591	   0.598	   0.593	   0.620	   0.628	   0.643	   0.558	   0.556	   0.562	   0.594	  
2.000	   8.000	   0.606	   0.615	   0.592	   0.620	   0.597	   0.619	   0.551	   0.615	   0.587	   0.611	  
2.000	   9.000	   0.654	   0.657	   0.643	   0.654	   0.640	   0.652	   NaN	   NaN	   0.646	   0.669	  
2.000	   10.000	   0.673	   0.682	   0.625	   0.635	   0.620	   0.639	   0.610	   0.630	   0.615	   0.636	  
2.000	   11.000	   0.614	   0.651	   0.595	   0.640	   0.564	   0.600	   0.531	   0.589	   0.608	   0.637	  
2.000	   12.000	   0.617	   0.638	   0.632	   0.682	   0.647	   0.674	   0.635	   0.674	   0.622	   0.678	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2.000	   13.000	   0.640	   0.671	   0.621	   0.650	   0.613	   0.644	   0.569	   0.601	   0.609	   0.655	  
2.000	   14.000	   0.549	   0.600	   0.568	   0.609	   0.571	   0.623	   0.586	   0.610	   0.570	   0.619	  
2.000	   15.000	   0.637	   0.651	   0.613	   0.643	   0.616	   0.629	   0.609	   0.626	   0.619	   0.644	  
3.000	   1.000	   0.617	   0.650	   0.621	   0.658	   0.610	   0.670	   0.625	   0.664	   0.571	   0.660	  
3.000	   2.000	   0.641	   0.692	   0.639	   0.707	   0.653	   0.716	   0.633	   0.670	   0.618	   0.740	  
3.000	   3.000	   0.582	   0.624	   0.569	   0.588	   0.556	   0.583	   0.543	   0.578	   0.540	   0.574	  
3.000	   4.000	   0.540	   0.590	   0.559	   0.599	   0.577	   0.606	   0.575	   0.608	   0.550	   0.615	  
3.000	   5.000	   0.598	   0.620	   0.587	   0.603	   0.598	   0.629	   0.590	   0.648	   0.580	   0.616	  
3.000	   6.000	   0.598	   0.603	   0.637	   0.653	   0.625	   0.642	   0.605	   0.605	   0.635	   0.642	  
3.000	   7.000	   0.578	   0.597	   0.624	   0.640	   0.621	   0.634	   NaN	   NaN	   0.598	   0.612	  
3.000	   8.000	   0.630	   0.661	   0.612	   0.646	   0.619	   0.637	   0.568	   0.581	   0.629	   0.651	  
3.000	   9.000	   0.649	   0.669	   0.642	   0.692	   0.636	   0.653	   0.624	   0.652	   0.652	   0.680	  
3.000	   10.000	   0.643	   0.704	   0.637	   0.660	   0.635	   0.652	   0.615	   0.645	   NaN	   NaN	  
3.000	   11.000	   NaN	   NaN	   0.616	   0.717	   0.624	   0.663	   0.625	   0.681	   0.618	   0.691	  
3.000	   12.000	   0.615	   0.631	   0.643	   0.655	   0.620	   0.639	   0.599	   0.625	   0.635	   0.666	  
3.000	   13.000	   0.586	   0.729	   0.616	   0.709	   0.641	   0.670	   0.589	   0.653	   0.640	   0.672	  
3.000	   14.000	   0.652	   0.663	   0.648	   0.667	   0.623	   0.630	   0.637	   0.631	   0.643	   0.664	  
3.000	   15.000	   0.637	   0.623	   0.650	   0.665	   0.637	   0.676	   0.630	   0.710	   0.640	   0.650	  
3.000	   16.000	   0.608	   0.662	   0.609	   0.634	   0.626	   0.648	   0.587	   0.613	   0.604	   0.626	  
4.000	   1.000	   0.577	   0.622	   0.586	   0.622	   0.586	   0.629	   0.552	   0.585	   0.534	   0.611	  
4.000	   2.000	   0.609	   0.777	   0.593	   0.722	   0.601	   0.721	   0.612	   0.690	   0.610	   0.721	  
4.000	   3.000	   0.596	   0.666	   0.575	   0.610	   0.580	   0.621	   0.566	   0.595	   0.541	   0.581	  
4.000	   4.000	   0.588	   0.607	   0.603	   0.614	   0.566	   0.608	   0.571	   0.615	   0.558	   0.591	  
4.000	   5.000	   0.631	   0.647	   0.603	   0.686	   0.600	   0.691	   0.572	   0.708	   0.581	   0.719	  
4.000	   6.000	   0.657	   0.670	   0.582	   0.603	   0.574	   0.582	   0.560	   0.582	   0.614	   0.609	  
4.000	   7.000	   0.600	   0.685	   0.600	   0.630	   0.616	   0.634	   0.619	   0.641	   0.584	   0.603	  
4.000	   8.000	   0.580	   0.621	   0.595	   0.618	   0.612	   0.670	   0.592	   0.594	   0.604	   0.625	  
4.000	   9.000	   0.636	   0.645	   0.638	   0.649	   0.627	   0.652	   NaN	   NaN	   0.640	   0.675	  
4.000	   10.000	   0.672	   0.679	   0.648	   0.717	   0.644	   0.682	   0.646	   0.681	   0.659	   0.687	  
4.000	   11.000	   0.580	   0.587	   0.590	   0.608	   0.607	   0.664	   0.590	   0.630	   0.581	   0.624	  
4.000	   12.000	   0.603	   0.598	   0.623	   0.636	   0.616	   0.624	   0.593	   0.612	   0.593	   0.640	  
4.000	   13.000	   0.600	   0.679	   0.626	   0.666	   0.628	   0.655	   0.587	   0.625	   0.614	   0.670	  
4.000	   14.000	   0.654	   0.666	   0.640	   0.665	   0.635	   0.652	   NaN	   NaN	   0.635	   0.655	  
4.000	   15.000	   0.587	   0.608	   0.584	   0.633	   0.576	   0.621	   0.606	   0.636	   0.532	   0.601	  
4.000	   16.000	   0.635	   0.656	   0.637	   0.657	   0.627	   0.664	   0.614	   0.699	   0.627	   0.656	  
Group	   Subjec	   W3	   W3S	   N3	   N3S	   N32	   N32S	   N33	   N33S	   R3	   R3S	  
1.000	   1.000	   0.595	   0.636	   0.553	   0.594	   0.539	   0.607	   0.544	   0.626	   0.519	   0.650	  
1.000	   2.000	   0.630	   0.732	   0.632	   0.756	   0.636	   0.771	   NaN	   NaN	   0.635	   0.754	  
1.000	   3.000	   0.571	   0.614	   0.562	   0.605	   0.567	   0.635	   0.593	   0.624	   0.570	   0.594	  
1.000	   4.000	   0.541	   0.557	   0.538	   0.575	   0.562	   0.591	   0.546	   0.579	   0.540	   0.562	  
1.000	   5.000	   0.641	   0.698	   0.643	   0.683	   0.629	   0.680	   NaN	   NaN	   0.619	   0.674	  
1.000	   6.000	   0.654	   0.675	   0.629	   0.657	   0.615	   0.648	   0.580	   0.604	   0.588	   0.635	  
1.000	   7.000	   0.599	   0.607	   0.609	   0.618	   0.623	   0.633	   0.621	   0.602	   0.615	   0.651	  
1.000	   8.000	   0.596	   0.612	   0.585	   0.607	   0.571	   0.591	   NaN	   NaN	   0.605	   0.638	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1.000	   9.000	   0.613	   0.609	   0.630	   0.649	   0.631	   0.642	   NaN	   NaN	   0.632	   0.649	  
1.000	   10.000	   0.660	   0.689	   0.660	   0.676	   0.655	   0.680	   0.647	   0.670	   0.670	   0.688	  
1.000	   11.000	   0.600	   0.643	   0.592	   0.649	   0.611	   0.639	   0.619	   0.645	   0.607	   0.639	  
1.000	   12.000	   0.621	   0.644	   0.616	   0.624	   0.598	   0.619	   NaN	   NaN	   0.631	   0.657	  
1.000	   13.000	   0.569	   0.615	   0.580	   0.625	   0.565	   0.600	   0.588	   0.630	   0.547	   0.607	  
1.000	   14.000	   0.612	   0.714	   0.637	   0.681	   0.632	   0.657	   NaN	   NaN	   0.608	   0.618	  
1.000	   15.000	   0.602	   0.628	   0.612	   0.660	   0.577	   0.636	   0.521	   0.579	   0.598	   0.642	  
1.000	   16.000	   0.656	   0.677	   0.650	   0.669	   0.638	   0.656	   0.616	   0.624	   0.632	   0.676	  
2.000	   1.000	   0.478	   0.520	   0.525	   0.572	   0.577	   0.602	   0.563	   0.610	   0.581	   0.609	  
2.000	   2.000	   0.642	   0.714	   0.649	   0.761	   0.643	   0.773	   0.603	   0.752	   0.553	   0.841	  
2.000	   3.000	   0.556	   0.627	   0.564	   0.641	   0.596	   0.620	   0.604	   0.627	   0.597	   0.627	  
2.000	   4.000	   0.571	   0.602	   0.585	   0.602	   0.574	   0.608	   0.529	   0.639	   0.539	   0.590	  
2.000	   5.000	   0.592	   0.618	   0.615	   0.660	   0.587	   0.619	   0.562	   0.568	   0.629	   0.662	  
2.000	   6.000	   0.637	   0.706	   0.631	   0.646	   0.608	   0.642	   0.544	   0.596	   0.626	   0.657	  
2.000	   7.000	   0.627	   0.636	   0.636	   0.644	   0.622	   0.630	   0.653	   0.665	   0.614	   0.616	  
2.000	   8.000	   0.605	   0.634	   0.598	   0.637	   0.581	   0.599	   0.562	   0.561	   0.595	   0.624	  
2.000	   9.000	   0.680	   0.774	   0.634	   0.647	   0.633	   0.673	   NaN	   NaN	   0.647	   0.680	  
2.000	   10.000	   0.674	   0.682	   0.662	   0.677	   0.633	   0.652	   0.611	   0.621	   0.639	   0.642	  
2.000	   11.000	   0.604	   0.642	   0.604	   0.629	   0.581	   0.599	   0.542	   0.630	   0.616	   0.643	  
2.000	   12.000	   0.642	   0.675	   0.643	   0.664	   0.639	   0.689	   0.649	   0.685	   0.647	   0.681	  
2.000	   13.000	   0.592	   0.700	   0.610	   0.656	   0.614	   0.657	   0.563	   0.625	   0.622	   0.653	  
2.000	   14.000	   0.571	   0.655	   0.586	   0.627	   0.572	   0.616	   0.565	   0.619	   0.571	   0.613	  
2.000	   15.000	   0.648	   0.663	   0.641	   0.665	   0.634	   0.655	   0.610	   0.621	   0.640	   0.658	  
3.000	   1.000	   0.616	   0.656	   0.648	   0.682	   0.630	   0.653	   0.575	   0.590	   0.608	   0.656	  
3.000	   2.000	   0.646	   0.669	   0.658	   0.712	   0.647	   0.728	   0.630	   0.749	   0.635	   0.761	  
3.000	   3.000	   0.579	   0.599	   0.569	   0.577	   0.582	   0.597	   0.556	   0.563	   0.567	   0.578	  
3.000	   4.000	   0.600	   0.614	   0.604	   0.614	   0.599	   0.616	   0.566	   0.605	   0.557	   0.593	  
3.000	   5.000	   0.643	   0.696	   0.632	   0.660	   0.634	   0.661	   NaN	   NaN	   0.603	   0.614	  
3.000	   6.000	   0.579	   0.613	   0.618	   0.629	   0.608	   0.624	   NaN	   NaN	   0.626	   0.639	  
3.000	   7.000	   0.636	   0.648	   0.637	   0.639	   0.631	   0.632	   NaN	   NaN	   0.641	   0.654	  
3.000	   8.000	   0.626	   0.650	   0.615	   0.634	   0.609	   0.630	   NaN	   NaN	   0.632	   0.653	  
3.000	   9.000	   0.596	   0.606	   0.652	   0.678	   0.648	   0.673	   NaN	   NaN	   0.651	   0.661	  
3.000	   10.000	   0.666	   0.693	   0.654	   0.677	   0.656	   0.677	   0.631	   0.645	   0.660	   0.677	  
3.000	   11.000	   0.639	   0.721	   0.643	   0.694	   0.643	   0.677	   0.635	   0.649	   0.639	   0.676	  
3.000	   12.000	   0.643	   0.619	   0.658	   0.691	   0.634	   0.654	   NaN	   NaN	   0.650	   0.689	  
3.000	   13.000	   0.599	   0.632	   0.606	   0.649	   0.635	   0.662	   0.594	   0.622	   0.586	   0.621	  
3.000	   14.000	   0.623	   0.641	   0.598	   0.587	   0.610	   0.619	   NaN	   NaN	   0.640	   0.646	  
3.000	   15.000	   0.643	   0.686	   0.646	   0.682	   0.644	   0.678	   0.647	   0.671	   0.621	   0.652	  
3.000	   16.000	   0.645	   0.654	   0.648	   0.673	   0.650	   0.672	   0.620	   0.650	   0.630	   0.639	  
4.000	   1.000	   0.604	   0.640	   0.580	   0.621	   0.601	   0.641	   NaN	   NaN	   0.600	   0.643	  
4.000	   2.000	   0.653	   0.695	   0.650	   0.702	   0.637	   0.740	   0.596	   0.692	   0.606	   0.755	  
4.000	   3.000	   0.576	   0.629	   0.589	   0.639	   0.586	   0.643	   0.562	   0.607	   0.575	   0.622	  
4.000	   4.000	   0.573	   0.613	   0.574	   0.568	   0.587	   0.612	   0.562	   0.603	   0.559	   0.602	  
4.000	   5.000	   0.603	   0.630	   0.616	   0.652	   0.620	   0.660	   0.576	   0.633	   0.623	   0.678	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4.000	   6.000	   0.598	   0.592	   0.620	   0.633	   0.585	   0.592	   NaN	   NaN	   0.642	   0.645	  
4.000	   7.000	   0.624	   0.630	   0.632	   0.637	   0.626	   0.637	   NaN	   NaN	   0.622	   0.640	  
4.000	   8.000	   0.610	   0.637	   0.611	   0.668	   0.607	   0.659	   NaN	   NaN	   0.590	   0.629	  
4.000	   9.000	   0.650	   0.654	   0.666	   0.691	   0.641	   0.659	   NaN	   NaN	   0.653	   0.673	  
4.000	   10.000	   0.680	   0.700	   0.669	   0.697	   0.682	   0.696	   0.650	   0.672	   0.643	   0.675	  
4.000	   11.000	   0.603	   0.641	   0.605	   0.640	   0.612	   0.652	   0.591	   0.631	   0.596	   0.626	  
4.000	   12.000	   0.614	   0.621	   0.595	   0.599	   0.613	   0.623	   0.593	   0.594	   0.628	   0.650	  
4.000	   13.000	   0.638	   0.681	   0.645	   0.682	   0.617	   0.644	   NaN	   NaN	   0.616	   0.648	  
4.000	   14.000	   0.653	   0.678	   0.651	   0.658	   0.650	   0.675	   NaN	   NaN	   0.643	   0.663	  
4.000	   15.000	   0.601	   0.651	   0.570	   0.631	   0.590	   0.645	   0.568	   0.653	   0.603	   0.691	  
4.000	   16.000	   0.654	   0.669	   0.647	   0.668	   0.638	   0.657	   NaN	   NaN	   0.634	   0.704	  
	  
	  
	  
	  
	  
	  
